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1. INTRODUCTION

The Captive Trajectory Yawmeter System (CTYS) is the method used in Aero-
ballistics Division, WSRL for simulating store separation from aircraft.

The initial plan was reported in reference 1, preliminary validations are
described in reference 2, and progress reports were given in references 3 and 4.
This report describes the mathematical background and the software which drives
the systen.

Section 2 provides the details of all coordinate systems used, defines Euler
angles and derives the equations of motion for the six-degree-of-freedom program.
Section 3 outlines the methods for determining the forces and moments on the
store, while Section 4 gives details of the system and software.

The CTYS resides on a UNICHANNEL-15 (PDP-15/PDP-11) dual processor computer
which is attached to Aeroballistics Division's S1 wind tunnel, a continuous flow
tunnel which can operate in a speed range from about 100 m/s to Mach 1 and from
Mach 1.4 to Mach 2.8. A full description of the system can be found in
reference 5 and its associated references.

In view of the small size (0.4 m x 0.4 m) of the working section, the
traditional method of using a model of the store mounted on a sting has been
replaced by the technique of measuring the flow at twelve stations along the
store centre-line for each trajectory point computed. Thus, the store loads
are derived from measurements of the flow field and are not directly measured.
Aircraft models are typically 1/50th scale.

The flow measurements are made by a yawmeter probe mounted on a computer-
controlled four-degree-of-freedom traverse rig, the roll axis being inoperative
for this application. The probe measures pitot pressure, manifold pressure and
two differential pressures, which are sufficient to determine the flow properties
at each measurement station.

The CTYS then determines forces and moments by:

(a) selecting the most appropriate result from data which have been previously
acquired on an approximately 1/8th scale model of the store in uniform
flow, and

(b) calculating increments to the store-loading due to the known non-uniform
flow, as measured on-line by the probe.

Section 3 gives a full account of this method.

In other respects the CTYS is analogous to the Captive Trajectory Systenm,
being simply a point prediction technique using a fourth-order Runge Kutta
integration in time. One significant feature of the method of load estimation
is that, as the store moves away from the aircraft, the flow non-uniformities
decrease and the corrections to the measured coefficients tend to zero. At this
stage the aircraft does not influence the trajectory any more and the trajectory
can then be continued to impact, or as far as desired, without further tunnel
information.

The time required to complete an average trajectory is about 30 min. Although
the system has been streamlined as much as possible, there are many inherent
delays such as traverse rig travel time and yawmeter probe settling delay, the
latter being approximately 5 s. Many accesses to the various disk data stores
must be made for each trajectory point, but these are performed using Direct
Access Input/Output, mainly while the rig is traversing to the next point, and
therefore do not generally delay the process.

Results to date are promising and it is expected that full scale trajectories
can be simulated quite successfully.

, _ v
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2. MATHEMATICAL ANALYSIS

2.1 Definition of coordinate systems and Euler angles

The Captive Trajectory Yawmeter System uses two distinct sets of coordinate
axes. The first set refers to the real world and consists of earth axes,
aircraft axes and bomb axes as shown in figure 1.

The aircraft is assumed to move in a circle in the XEZE plane at a constant

tangential velocity V_ and with centripetal acceleration ug. Its initial

attitude is specified by a dive angle (DIVE) and an angle of attack (ATTACK).
Also, since the Aircraft Z axis (ZA) points in a downward direction and the

Earth Z axis (ZE) points upwards, the roll of the aircraft with respect to

earth axes is # radians and its pitchis given by

APITCH = -(DIVE-ATTACK).

The aircraft maintains this trajectory throughout, where only the dive
angle changes with time. The value of u in the centripetal accelerations
may also be negative.

The CTYS also defines a set of wind tunnel coordinates as shown in
figure 2. The flow (V) is parallel to the tunnel walls whereas the air-

craft and bomb axes are inverted, the aircraft being fixed to the tunnel wall
at an angle of attack; the bomb position is defined by a yawmeter probe
attached to a four-degree-of-freedom traverse rig. The wind tunnel Z axis
(ZT) points downwards thus providing a certain parity with the real world

system of figure 1.

Throughout the analysis, the orientation of one axis system with respect
to another is described by Euler angles for roll, pitch and yaw. For
example, to convert from aircraft axes to bomb axes:

(i) Roll through an angle ¢ about the aircraft X axis (XA) to give a
new system (X',Y',Z'), where X' = XA. This coordinate trans-

formation is described by the 3 x 3 matrix

1 0 0
C = 0 cos ¢ sin g (1)
0 -sin ¢ cos ¢

(ii) Then pitch through an angle 6 about the Y' axis to give the system

(x",Y",2"), where Y" = Y', The corresponding transformation
matrix is
cos@ 0 -sin @
C; = 0 1 0 (2)
sin@ 0 cos 0

(iii) Finally, yaw through an angle B about the Z' axis to give bomb axes
(XB,YB,ZB), where ZB = 2 This corresponds to the transformation
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g
yF

cosf sinff O
C3 = |(-sinf cosf O
0 0 1

The total transformation is thus represented by the direction cosine matrix
C = C3C2C;, which is given by

cosf cosp sing sinf cosB + cosg sinB  -cosy sinf cosf + siny sinB
C = |-cos® sinB  -sing sinf sinB + cosy cosf cosp sinf sinB + sing cosf

sinf -siny cosf cosy cosb

(4)

Thus, if a and b are vectors in aircraft axes and bomb axes respectively,
then

b = Ca (5)

2.2 The relation between Euler rates and bomb angular rates

Let p,q and r be the angular rates of rotation of the rotating axis
system about its own X,Y and Z axes respectively. To calculate the relation-
ship between these angular rates and the Euler rates ¢, 68 and B, it is
necessary to use the results of the previous section.

Firstly, a roll of ¢ about the aircraft X axis gives rise to a rate vector

(,0,0) in aircraft axes. This produces a component
9
w; = 66 G| 0 (6)
0

in the rotating axis system, where the matrices C,, C, and C; are defined by
equations (1), (2) and (3) respectively.

Secondly, a pitch of 6 about the Y' axis (see Section 2.1) produces a
rate component

wz = C3C |0 (7

in the rotating axis system.
Finally a yaw of B about the Z'" axis produces a rate component

0
wy = Ci{ O (8)
B

in the rotating axis system.
Summing the contributions of equations (6), (7) and (8), we obtain

H—“
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2.3

p = 0 sinf + ¢ cos 6 cos B (9(a))
qa = 0 cosB - ¢ cos 8 sinf (9(b))
and
r = B +¢ sin0. (9(¢))
Conversely,
¢ = (pcosB -q sin 3)/cos 0 (10(a))
§ = psinf +q cos B (10(b))
and
B = r-tan8 (pcosB - q sin B). (10(c))

Note that equations (10) have a singularity at 6 = This fact will be of

(ST

significance later.
Rate of change of the Euler angle transformation matrix

It will be useful to calculate the rate of change of the direction cosine
matrix C depicted by equation (4).

Let F be a fixed axis system and B be an axis system which is rotating at
a rate w with respect to F.

Let b be a vector in B whose coordinates in the fixed system F are given
by f. Then

b = cf (1n

where C is a 3 x 3 orthogonal direction-cosine matrix.
Now, it is well known that

£ = b+wxhb, (12)

the second term deriving from the rotation of axis system B. Now since w
is a vector in F, then we can define a vector w ' = (p,q,r), where p, q and
r are the angular rates of rotation of B about its own X, Y and Z axes

respectively. Further, since w ' is a vector in B, then

w' = (Cw. (13)

f = b+C! w'xb. (14)

oo et

I—
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2.4

Now w ' x b can be expressed as the matrix product -2 b, where

0 r -q
Q = |-r 0 p (15)
9 -p 0

Hence, equations (14) and (15) yield the relations
£ = b-C! Qb. (16)

To calculate C, the rate of change of the direction cosine matrix C, let b
be a vector which is fixed in the rotating system B, so that

b =0 (17)
and
£ = ¢t ap, (18)
Differentiation of equation (11) with respect to time gives
b = CE + Cf. (19)
Then substitution of equations (11), (17) and (18) into equation (19) yields

0 = Cf+c(-C QD)

= Cf - 9C £.

That is,

Cc-0)f [ (20)
Since f is an arbitrary vector, we can deduce that

&= e (21)

Trajectory of aircraft

As noted in Section 2.1, the aircraft describes a circular trajectory
which is either convex to the origin (4 positive) or concave to the origin
(# negative). The centripetal acceleration (ug) is assumed to include the
gravitational component.

Thus, at all times

<
o8,
n
b
o
~~
N
ro
j =
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i and
d
Vo = -p I (DIVE), (23)

where p is the radius of curvature and DIVE is the dive angle, a function
of time.

Eliminating p from equations (22) and (23) gives

DIVE(t) = DIVE, - ugt/V, (24)

Further analysis then yields the coordinates of the aircraft in earth axes
as follows

..
. oo _wgt ), i&)
x x )+ e cos(DIVEo vm>s1n <2V°° (25(a))
y =0 (25(b))
2v, 2 ot gt
z = zo - -#_g 51n<DIVI:‘.0 - —g-zvco >sm<—-g—2v°°> . (25(c))

When 4 is small, equations (25) reduce to

X = x + Vot cos(DIVEo) (26(a))
L z =z - V.t sin(DIVE ). (26(c))

|

i The case 4 = 0, of course, corresponds to a straight line trajectory.

| From figure 1, it is clear that the components of aircraft acceleration
in aircraft axes are constant and are given by

| X, = wg sin(ATTACK) (27(a))
Yy = 0 (27(b))
EA = -ug cos (ATTACK). (27(c))

, Also, the Euler angles describing the orientation of the aircraft with
respect to earth axes are

AROLL = = (28(a))

APITCH = - (DIVE-ATTACK) (28(b))
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and
AYAW = 0. (28(c))

Substitution of these angles into the direction cosine matrix C, and

=1

A

application of the transformation X, = C EA gives the components of

£ A
aircraft acceleration in earth axes, namely,

X = Mg sin(DIVE) (29(a))
yp = 0 ) (29(b))
ZE = pg cos(DIVE). (29(c))

2.5 Derivation of the equations of motion

We must now derive the six equations of motion which describe the motion
of the bomb relative to the aircraft.
Let

(1) X be the position vector of the bomb and X* be the position vector
of the aircraft with respect to some axis system,

(ii) Subscripts E and A refer to earth and aircraft axes, and
(iii) CA be the 3 x 3 direction-cosine matrix describing the orientation

of the aircraft relative to earth axes.

Then
(1) EE is the position vector of the bomb relative to earth axes, w
i
(ii) 5% is the position vector of the aircraft relative to earth axes, 9
and

(iii) XA is the position vector of the bomb relative to aircraft axes.

Thus,

e

X o= CaQkg - X, (30)

X = Ca(Xp - Xp) + €, (Xp -Xg). (31)
Equation (21) then yields
Xy T Calg - XD ¢ 2, G0 - XD, (52)

where C, is given by equation (4) and flA is given by equation (15).

u = Cy(Xg - Xp), (33) , '

Now define
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where u would describe the velocity of the bomb centre of gravity with
respect to aircraft axes if CA were constant, that is, if the aircraft were

not rotating about its own centre of gravity.
Then equations (33) and (30) in equation (32) give

-)-(A=E+QA£A (34)
d : .
and It cf equation (33) yields
E=CA3(-E'CA1(-E+QA‘—’-' (35)

Now EE is the acceleration of the bomb with respect to earth axes, expressed

in earth axes. Thus, since earth axes represent an inertial system, we can
write

EE = EE/m: (36)

where EE are the external forces on the bomb, expressed in earth axes, and m

is the mass of the bomb.
Then, premultiplication of equation (36) by the 3 x 3 matrix CA expresses

the forces in aircraft axes; thus
Ca 55 = Cy EE/m = EA/m. (37) i

Also, since EE represents the acceleration of the aircraft relative to earth
axes, then Ca XE represents the same acceleration but now expressed in

aircraft axes. Thus, by equations (27), we have

Mg sin(ATTACK)
C, Xt = 0 : (38)
-itg cos (ATTACK)

Finally, substitution of equations (37) and (38) into equation (35) gives

#g sin(ATTACK)
u = f_A/m- 0 +9A9_. (39)
-ug cos (ATTACK)

Equations (34) and (39) are thus the two first-order differential equations
which can be integrated to give the motion of the bomb centre of gravity
relative to aircraft axes.

To derive the equations of motion describing the attitude of the bomb
relative to aircraft axes, we define EB the angular momentum vector as

——————————————————il
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|
P Iyx !
= |
Ty T R (40)
r IZZ
where IXX’ IYY and IZZ are the moments of inertia of the bomb about its own

principal axes and p, q and r are the angular rates of the bomb about these
same X, Y and Z axes respectively.

The inertia tensor is not a constant if it is calculated in the space
coordinate system (earth axes) because, in this system, the values of the
coordinates change with time. In the moving (bomb) system, however, the
inertia tensor is constant. For this reason it is advantageous to work in
the bomb system.

If DE is the vector representing the angular momentum of the bomb in earth

axes, then

hg = Cg by, (41)

where CB is the direction-cosine matrix which describes the orientation of the

bomb relative to earth axes.

_%f of equation (41) gives

By = 0yl * Gy B (42)
Then equations (21), (41) and (42) give !
hy = Cgho+ Qphy (43)
|
Now, since earth axes represent an inertial system, we can write i
‘

he - M, ()

where HE is the vector representing external moments (torque) on the bomb,

expressed in earth axes.
Thus, premultiplying equation (44) by CB expresses the moments in bomb

axes, namely

Cyhy = My 45)
Finally, equations (43) and (45) yield
hy = My + Qg hy. (46)

Equations (40) and (46) thus enable the calculation of the bomb angular
rates p, q and, r.  In most cases, equations (10) would then give the Euler
angular rates ¢, 0 and f which could then be integrated to give the Euler
angles ¢, & and § as functions of time.
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l
However, equations (10) have a singularity at 8 = 7/2 and thus, for !
values of @ in the neighbourhood of 7/2, truncation errors will occur. i
It is therefore safer to use, not the Euler angles themselves, but the |
direction-cosines of these angles as dependent variables. i
Thus, let C be the direction-cosine matrix which represents the orient-
ation of the bomb relative to the aircraft. If b is a vector fixed in ‘
bomb axes and a is a vector fixed in aircraft axes, then ' |

b = Ca. (47)

Further, if e is a vector in the earth axis system, we have {

b = Cge (48)
and
a = CAg. (49)
Simple manipulation then gives
CC, = Cp (50) 5
i
or :J
= 51 1
Cc = CBCA . (51) ﬁ
|
k %E of equation (50) yields V
CCA + CCA = CB. (52)

Equation (21) applied to equation (52) thus gives

CCA+CQACA = QBcB. (53)
Post-multiplying equation (53) by CA-l and substituting equation (50) finally
gives

c=QBc-cQA. (54)

The 3 x 3 matrix-equation (54) thus represents 9 first-order differential
equations for the calculation of the elements of the orientation matrix C.
The procedure is therefore to

I A (1) Integrate equation (46) to calculate EB'
(i1) Use equation (40) to give p, q and r.

(1ii) Substitute in equation (15) to give SZB.
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5 and Tye

(v) Substitute into equation (54) and integrate it to yield the
3 x 3 matrix C.

(iv) Calculate flA from the known aircraft angular rates Py

If so desired, the Euler angles associated with C can be calculated by
the following formulae, which are derived from equation (4):-

0 = tan!(Cay A2 + C33) (55(a))

sin = -Cyy/cos 8 (55(b))
cos B = Cy,/cos 0 (55(c))
sing = -Cy;/cos 0 (55(d))
cos ¢ = Cz;/cos 0 (55(e))

Equation (55(a)) assumes that 6 is acute.
However, as noted in the next section, it is usually more meaningful to
use projected angles rather than Euler angles.

2.6 Transformations between Euler angles and projected angles

Euler angles are always difficult for the experimenter to visualize.

For instance, in defining the orientation of the bomb relative to aircraft
axes, it is extremely difficult to relate the bomb's attitude to the given
Euler angles. It is therefore convenient to express the attitude in terms
of projected angles.

Thus, let v*, 0* and B* be the projected roll, pitch and yaw of the bomb
relative to aircraft axes, that is, the roll, pitch and yaw angles of the
image of the bomb when projected upon the aircraft YZ, XZ and XY planes
respectively.

To find projected pitch (6*) and projected yaw (*) it is necessary to
find the coordinates of the unit vector in the direction of the bomb's nose

(X axis) as represented in aircraft axes. This is given by
XN
W= ¢t a}, (56)
ZN

where C is the matrix describing the orientation of the bomb relative to
aircraft axes.
Since C is an orthogonal matrix, then equation (56) gives

XN = Ciq (57(a))
YN = G2 (57(b))
IN = Ci3. (57(c))
Thus
0* = tan '(-ZN/XN) = -tan '(C;3/Ci1) (58)
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and
B* = tan”)(YN/XN) = tan '(Cy2/Ci1). (59)

Similarly the projected roll (¢*) can be found from the coordinates of
the unit vector in the direction of the bomb's reference fin (Z axis) as
represented in aircraft axes, given by

XF 0 Ci, sin 0
YF| = CYO0) ={Ci2) = |-siny cos @
ZF 1 Cis3 cos ¢ cos 0

Since roll is always the first of the Euler angles, projected roll (¢*) and
Euler roll () are equal, giving

sin @* -C32/cos @ (60(a))

and

cos p* C33/cos 0 (60(b))

Differentiation of equations (60) with respect to time shows that

¢* = ¢ = (C33 C3z2 - C3z C33)/(C}2 + C33). (61)

Projected pitch and yaw rates are obtained by differentiating equations (58) 9
and (59) to give

0 (éll Cis - él3 Ci1)/(Ci1 + Cis) (62)

and

B

(Ciz Cis - Ciy C12)/(C1 + Cia). (63)

Further, equation (4) can be used to substitute for the elements of C to
give the projected angles in terms of the Euler angles, namely:-

pr = 9 (64(a))
tan 6* = tan 0 cos ¢ - sin ¢ tan f/cos 6 (64 (b))

and
tan B* = tan 0 sin ¢ + cos ¢ tan B/cos 0 (64(c))

The inverses of equations (64) are then

A (65(a))
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tan 6 = tan 0* cos ¢* + tan f* sin p* (65(b))
and
tan B = cos O(tan B* cos ¢* - tan 0* sin p*). (65(c))

Relation between Projected Angular Rates and Bomb Angular Rates

In Section 2.2, p, q and r were defined as the angular rates of rotation,
relative to fixed axes, of the rotating system about its own X, Y and Z axes
respectively. Thus we here define p, q and r to be the angular rates of
the bomb, relative to earth axes, about the bomb's X, Y and Z axes respect-

ively.
? If Pps Ay and T, are the angular rates of rotation of the aircraft,

relative to earth axes, about the aircraft's X, Y and Z axes respectively,
then we can write

B = 6p <, (66)
where
P
R =
r
Pp
BAa * | % )
A

C is the direction cosine matrix describing the orientation of the bomb
relative to the aircraft and dp is the effect of the rates of change of the
Euler angles of C.

Now, differentiating equations (65) with respect to time gives

o = ¢ (67(a))

sec2 0 0 = sec? 0* cos ¢* 0* + sec’ B* sin ¢* B* + tan B ¢*/cos 0

(67(b))
and

sec’f B = cosl (sec’B* cosp* B* - sec’0* sinp* O0* - tanf ¢*) - tanf tan B é
(67(c))

Then, equations (4), (9) and (67) give
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dp = G, (C3z2 sec® B* f* - C33 sec? 0* 6*) + cos 0 é*/cos B (68(a)) ;
dq = C;)(C33 sec® 0* 6* - Ci, sec® B* é*) (68 (b)) ;
and
dr = C;;(C22 sec® B* B* - Cas sec?+ 6+). (68(c))

Equations (66) and (68) therefore provide a means of calculating bomb
angular rates from projected angular rates, the latter being specified by
the experimenter prior to the running of the Captive Trajectory Yawmeter
System.

3. DETERMINATION OF THE FORCES AND MOMENTS

The Captive Trajectory Yawmeter System determines the aerodynamic forces and
moments on the bomb by

(a) selecting the most appropriate result from data which have been previously
acquired on an approximately 1/8th scale model of the store in uniform
flow, and

(b) calculating increments to the store loading due to the known non-uniform
flow, as measured on-line by a yawmeter probe.

3.1 Store characteristics in uniform flow

Tabulated data representing the characteristics of the store in a uniform
flow are required for this procedure. The tables reside on disk and consist
of ten coefficients as a function of reference Mach number, total pitch and \
total roll. ‘

The yawmeter probe is programmed to take readings at twelve stations along
the calculated position of the store centre-line, including three stations
located at the leading edge, mid-point and trailing edge of the mean aero-
dynamic chord of the fins.

A reference point, usually the station at the mid-point of the fins, is |
selected and, from these reference flow conditions, a Mach number, total !
pitch and total roll are calculated. These quantities are then used to i
obtain the ten uniform-flow coefficients from the disk. ;

In calculating the incidence and sideslip upon which total pitch and total i
roll are based, some allowance must be made for the curvature of the stream

past the fins. Here use is made of thin aerofoil theory from which it can
be shown that ''the 1ift of an aerofoil of camber Y and incidence a is equal
to the lift of a straight aerofoil at incidence (@ + 2y)". This result is

easily proved using page 91 of reference 6.

Consider the velocities at the three fin stations in the XZ plane of
figure 3.

The slope of the streamline at any station is given by

2 - /% = WU, (69)

where U and W are the measured flow velocity components in the X and Z
directions respectively. A parabola is fitted through the streamline
slopes at the three fin stations and the equation of the streamline is thus
obtained by integration of equation (69) with respect to x.

LAL
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The equation of the chord (figure 3) is given by
i 9
2(x) = (z./x) x. (70) ‘f
3
Thus the mean height is given by

h = A/cosa = (zB = B, xB/xc)/cos a (71)

The mean chord, quite clearly, is given by
K = xc/cos a (72)

Thus, the camber is given by

Y = h/K = (zg - z xg/x )/x. (73)

In addition, the mean incidence is given by

& = tan-'(zc/xc). (74)

Equations (73) and (74) thus provide the means for calculating the
effective incidence a, = (a+27).

The above procedure is repeated in the XY plane to determine the
effective sideslip ﬁe = B + 27).

In deriving the most appropriate uniform flow coefficients from the disk
data store, it is assumed that the tail loading contained in these
coefficients is representative of the tail loading in the curved flow field.

The data store coefficients are, of course, based on free stream dynamic
pressure. Thus, to obtain the coefficients appropriate to the reference
point, the data store coefficients are multiplied by reference point dynamic
pressure and divided by free stream dynamic pressure.

Corrections for non-uniform flow

Since the interpolated coefficients of the previous section are for a
uniform flow, the flow conditions implied at each store measurement station
are equal to those at the store reference point. However, corrections must
be applied to allow for changes in body loading forward of the fins, due to
the differences between the measured flow conditions at the store stations
and the uniform flow implied by the interpolated coefficients.

Allen and Perkins(ref.7) derive an expression similar to that derived by
Munk for the potential cross force on slender bodies, given by

£ = q g—i sin 2a, (75)

where q is the dynamic pressure, and a is body-axis incidence relative to
the free-stream flow direction.

They also note that, from the work of Ward(ref.8), it can be shown that
the potential cross-force is directed midway between the normal to the axis
of revolution and the normal to the wind direction.

————————————
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This applied to equation (75) gives a cross-force of
ZEIE = 43 sin 2a cos % a (76(a))
P Qo gx 2

and

Y, = 3 sin 26 cos 46 (76(b))

for the Z and Y potential flow contributions respectively.
A second term is due to viscosity and can be written as

£ = nC

2
v D q sin* 6

D (77)

C T
where CD is the cross-flow drag coefficient,
C Z
D is the cross-sectional diameter of the bomb (i.e. S = wD?/4),

n is the cross-flow drag proportionality factor,

OT is the total pitch of the bomb (see figure 4),

and q is dynamic pressure (=% p |V|?2).

n arises from the fact that the ratio of the cross-flow drag for a finite
length cylinder to that for an infinite length cylinder is less than one
(see reference 9).

Now, since fV acts in the total Z axis negative direction, the components

of the viscous force in the Z and Y directions will be given by (see
figure 4)

— 2 £ 52 ]
Z, = -hpn CDC D |VI? sin BT cos ¢, (78(a)) !

and

= 1. 2 =D -
Yy = “5PpnCy D [VI* sin BT sin ¢. (78 (b))

But, as shown in figure 4,

U = -Vl cos BT’ (79(a))

V = -Vl sin 0T sin ¢ (79(b))
and

W = -IVl sin 6, cos v (79(¢))
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Thus, equations (79) in equations (78) yield

Zy = pnCy DW 2+ W (80(a))
€
and
Y, = 2pnC) DV NS (80(b))
o

Finally, as noted in reference 10, allowance must be made for buoyancy.
This results in the components

dw
ZB = -V _p S v (81(a))
and
dv
YB = =V _p S = (81(b))
where V_ is free-stream velocity and p is local air density. The buoyancy
term arises because the streamlines at any point are curved. This is
confirmed by measurements taken by the yawmeter probe along the calculated
position of the store centre-line. However, buoyancy is not expected to

contribute a large amount to the overall cross-force.
The Captive Trajectory Yawmeter System thus defines total cross-
forces of

N
i

¥ (82(a))

and

SRR TS SRR (82(b))

Uniform-flow theory says that flow conditions at all body stations are
equal to those at the reference point. Thus, the calculations implied by
equations (76) to (82) are repeated, with only the body geometry being
allowed to vary between stations, to give the local cross-force predicted at
each station by uniform tlow theory, namely Zu.

Then the increment in cross-force due to the non-uniformity of the flow
at each station is given by

Similarly, a pitching moment at each station can be calculated, with resp~ -
to an origin at the centre of gravity of the store, as

M = Z(x - xCG)'
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Thus the increment due to non-uniformity of the flow is given by

M o= (Z-2) (x- x)-

Finally, this analysis can be applied to the yaw plane to yield values for
AY and yawing moment AN.

In the limit, as the flow becomes uniform, these corrections all tend to
zero.

4. SYSTEM DESCRIPTION

The software for the Captive Trajectory Yawmeter System consists of an overlay
system comprising a resident program plus several links which overlay each other
in core. This has been necessary because of the limited core size (24K 18-bit
words) of the UNICHANNEL-15 computer.

All relevant variables have been allocated to Blank COMMON, and this resident
COMMON area is written on disk after the calculation of each trajectory point.
This feature allows the trajectory calculations to be resumed from a previous
trajectory and thus provides a useful restart facility.

At the beginning of a new trajectory, the COMMON area is initiated by reading-

in a Constants Block from the disk. The Constants Block is set-up by means of
a special Editor prior to the running of an experiment and resides unchanged on
disk until it is required to change any of the parameters. This removes the

need to type-in a large amount of information at the beginning of each run.

The Constants Block includes the initial position, attitude and rates of the
store because the present CTYS begins its calculations after the ejector has
operated and thus the effects of the ejector must already be present in the
Constants Block when the CTYS begins its operation. However, the ejector phase
of the CTYS has been developed separately(ref.4) and work is currently underway
to incorporate it as an integral part of the CTYS.

4.1 Operation of the Constants Editor

The Constants Editor (EDCON) either sets up a new file or allows
modifications to be carried out on an existing file. It operates in an
interactive manner by prompting the operator and acquiring answers to the
questions it asks.

Listings of EDCON and its utility routines DECDE and IDECDE are given in
Appendix I. These listings specify the elements of the arrays T and IT,
which together comprise the COMMON block for the CTYS.

The loading sequence for EDCON is:

$A RKA -5

$GLOAD

LOADER V3A000
>-<—EDCON < ALTMODE >

When EDCON has loaded, it announces its presence and asks the operator to
specify a file name. This file name will denote either a new file to be
created or an existing file to be modified.

If the file is new, EDCON enters an Input mode and acquires the values of
all relevant constants by means of a series of questions and answers.

Each prompt by EDCON includes the units in which the answer is expected, thus
providing a convenient way to permanently establish the units of each input.
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If the file is not new, EDCON enters an Edit mode which first checks for
the existence of the file and, if found, opens it. It then prompts the
operator with

ALTER PARAMETERS?

A negative answer (N) at this stage would simply produce a listing of the
unmodified Constants Block. However, an affirmative (Y) would cause a
second prompt asking the operator to enter N, where N denotes the following:

(1) Bomb parameters

(2) Aircraft parameters

(3) Probe parameters

(4) Miscellaneous information

(5) Measurement Stations

(6) Diameters at Measurement Stations.

The value for N directs EDCON to the appropriate area in the Constants
Block, where it begins to list each parameter (just as it did in Input mode)
together with the current value of that parameter. If the operator wishes
to change a parameter, he types in the new value. A CARRIAGE RETURN will
accept the old value.

The operator may allow listing to continue to the end of the section,
changing the values of any desired parameters, or he may terminate this
phase by typing CONTROL P. In either event, EDCON will then again type

ALTER PARAMETERS?

The process is repeated until the operator finally answers N(0) to this
question. Then EDCON
(i) calculates the aircraft Euler angles and their rates, relative to
earth axes,

(ii) calculates the Euler angles defining the orientation of the bomb
relative to aircraft axes,

(iii) determines the bomb's maximum cross-sectional area, and its
corresponding diameter,

(iv) initializes the direction-cosine matrix defining the orientation
of the bomb relative to aircraft axes, according to equation (4),

(v) calculates the angular rates of the bomb as described in
Section 2.7, then

(vi) calculates the initial values of bomb angular momentum as defined
by equation (40),

(vii) finds the linear accelerations of the aircraft relative to aircraft
axes, as defined by equations (27), and finally

(viii) calculates the free-stream values for velocity, velocity of sound
and ambient temperature, from free-stream Mach number and the
height of the aircraft.

EDCON then writes the file on disk and prints the values of all entered
constants on the line printer.

The process of entering the constants is straightforward and should not
cause any difficulty. However, it should be remembered that the roll,
pitch and yaw of the bomb, together with their rates, are entered as
projected angles, not Euler angles.

. T — N~
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4.2 Operation of the Main Program

The Main Program (MAIN), like the COMMON area, is resident in core
throughout the entire trajectory.

Upon loading, its first task is to initiate the traverse rig console
button. This primes the program so that it will change to a ''bomb-alone'
trajectory when the button is pressed, namely, when the operator judges that
the bomb is sufficiently clear of the aircraft to be in a nominally uniform
flow. The probe is then no longer required and a trajectory to impact is
calculated.

The Main Program next initiates the system for Direct-Access Input/Qutput,
which permits the user to reference directly any record in a file without
indexing from the file's beginning up to the desired record. This feature
is, of course, essential to an operation such as the CTYS, where very large
numbers of records must be accessed in a random manner.

After announcing its presence, MAIN prompts the operator to determine
whether the trajectory is new or is simply the continuation of a previous one.
If the trajectory is not new, the system reads into core the contents of
file 'TFILE CTS', the last image of the COMMON area calculated during the
previous trajectory. This simple restart facility thus allows the contin-
uation of a trajectory which has been interrupted by a system failure or for
some other reason.

If the trajectory is in fact new, the operator is asked two more questions:

(1) MAIN asks whether the store under consideration is MK82 or Karinga.
This conditions the system to take data from the appropriate data
store.

(ii) The operator is then asked to enter a file name, which specifies the
name of the Constants Block set up by EDCON, as described in
Section 4.1,

‘ MAIN then starts the '"flight". Subroutine DAUX is called to initialize

i derivatives after which the dive angle is calculated by means of
equation (24) and the aircraft orientation relative to earth axes is determined
using equations (28).

At this point in the calculation of each trajectory point, MAIN tests the
parameter IFREE, which is set positive when the traverse rig console button
is pressed to signify a transition to a "bomb-alone' trajectory. I1f IFREE
has become positive, a once-only call is made to subroutine TRFREE, which
converts bomb position from aircraft axes to earth axes, the latter being
more meaningful to the calculation of trajectory to impact.

For all trajectory points, MAIN then calculates, for the current height,
the following quantities:

p = 10335.11 g(1 - 2.2559 x 1075 h) °-2°6103,
T = 14.99 - 0.0065 h,

a, = +/ 401.742T + 109809.48 ,

Vos = dgp My

and
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where g is gravitational acceleration (m/s’),
is height (m),

is static pressure (newton/m’),

is ambient temperature (OC),

is velocity of sound (m/s),

is free-stream velocity (m/s),

is free-stream Mach number,

is dynamic pressure (newton/m’) and

4-0838<8W - - =

is the ratio of specific heats.

After expressing the gravitational force on the bomb in aircraft axes,
MAIN then takes one of twocourses of action, depending on whether the bomb-
alone phase is in operation.

(a) If the store is still in the vicinity of the aircraft,

(1) the flow properties along the centre-line of the aircraft,
are determined (CALL FLOW),

(ii) the effective incidence and sideslip are ccolculated using
the methods of Section 3.1 (CALL CORECT),

(iii) the force and moment coefficients due to uniform flow are
interpolated from the disk data store (CALL CREF),

(iv) the increments to the force and moment coefficients arising
from the non-uniform flow are calculated (CALL CINC), and
finally,

(v) the forces and moments on the store from all sources are
determined, the forces being in aircraft axes and the
moments being in bomb axes.

(b) If the store has entered the '"bomb-alone' phase of its trajectory,
the wind velocity components in bomb axes are just the negatives of the
bomb velocity components in earth axes. The values are then used
in steps (a) (iii) and (a) (v) above to determine the forces and
moments on the store.

Thus, to calculate the next trajectory point, it only remains to invoke a
fourth-order Runge Kutta integration and print out the result.

However, the steps described in (a) and (b) above are carried out only
once at each trajectory point, whereas the Runge Kutta process requires values
of the forces and moments at several places within the time interval under
consideration. If this condition is not met, an oversimplification of the
integration process occurs and an instability is produced in the solution
for roll, pitch and yaw.

It would be quite impractical to calculate forces and moments at every
point in the time interval required by the Runge Kutta process, because of
the large amounts of processing time involved. Thus, to overcome the
instability, a time-wise parabola is fitted to the three most recent values
for each of the three forces and each of the three moments. The Runge Kutta
process then uses each parabola (in Subroutine DAUX) to extrapolate into the
current time interval and thus to produce a more accurate estimate of each
force and moment.

The process described above is repeated to calculate each trajectory
point, the calculations continuing until either the maximum time has been
exceeded or the store has struck the ground.

Specific details of the subroutines used by the Captive Trajectory Yawmeter
System are given in subsequent sections. A listing of the Main Program
appears in Appendix II.

e S ————
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4.3 Subroutines TRSET and TRFREE

TRSET is a small routine, coded in Assembly Language (MACRO-15), which
initiates the Skip Chain (see reference 11) to receive interrupts from the
traverse rig console button. It is called by MAIN when MAIN is first loaded
and sets the parameter IFREE to zero.

When the traverse rig console button is pressed, control is transferred to
another part of TRSET, which clears the flag, turns on the Program Interrupt,
sets IFREE to +1 and then returns control to the interrupt address.

At the beginning of each trajectory point, MAIN tests IFREE to see if it
has been set positive (i.e., to +1). If it has, then MAIN calls Subroutine
TRFREE in order to perform the transformation to a ''bomb-alone' trajectory.

TRFREE first sets the parameter FREE to +1. It then performs the
transformation of coordinates as follows.

If a, b and ¢ are vectors fixed in aircraft, bomb and earth axes respect-
ively, then =

a = CA.E (83)

b = Cz e (84)
and

b = Ca, (85)
where C,, C, and C are direction-cosine matrices as defined in equation (4).

A’ "B
Equations (83), (84) and (85) then give

CB = C CA' (86)

Since the orientation of the bomb must now be referred to earth axes
instead of aircraft axes, the matrix C is replaced by the matrix CB’ as

defined in equation (86).
Similarly, if x = (x,y,z) is the vector which, until the transition, has

represented the position of the bomb centre of gravity relative to earth
axes, then this can be expressed as
x = !

X + (87)

A Xp»

where x, is the vector which represents the position of the aircraft centre

A

of gravity relative to earth axes. The components of are given in

X
ZA
equations (25) and (26). The vector x thence describes the position of the
bomb centre of gravity relative to earth axes.

Differentiation of equation (87) with respect to time gives

V cos (DIVE)
U= C"us 0 (88)
-V_ sin (DIVE)

axes rather than relative to aircraft axes.

I Now u signifies the velocity of the bomb centre of gravity relative to earth
ettt
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Finally, TRFREE calls Subroutine DAUX (to set up the new derivatives),
sets the gravitational acceleration components (which are then constant) to
earth axes, and then prints a message on the line printer to signify that the
""bomb-alone'" trajectory has begun.

Listings of TRSET and TRFREE are given in Appendix III.

General purpose routines (ARCTAN, TRANS, CTRANS and PARAB)

Functions ARCTAN (Y,X) calculates the angle 0 whose sine is given by Y
and whose cosine is given by X. 0 can range from 0 to 2.

TRANS and CTRANS are entry points to a single FORTRAN routine. For given
inputs ROLL, PITCH, YAW (Euler angles), INV and x, TRANS performs one of the
coordinate transformations

-
n

te
0]

Cx (INV +1) (89(a))

or

ct X (INV

»
[}

-1), (89(b))

where C is calculated according to equation (4) and is the direction-cosine
(orientation) matrix associated with the transformation.

CTRANS is a special case of TRANS in that it transforms specifically from
aircraft to bomb axes (INV = +1) or vice versa (INV = -1). Since the nine
elements of C in this case are all dependent variables of the time integ-
ration, these elements are always available for use in equations (89) and
thus do not have to be calculated.

Subroutine PARAB simply fits a parabola

f(x) = a+ b(x - xA) + c(x - xA)2

to three values of the function f(x) and stores the coefficients in the
array ABC.

A listing of Subroutines ARCTAN, TRANS, CTRANS and PARAB is given in
Appendix IV.

The flow measurement and probe traverse routines

Subroutine FLOW, together with its associated subroutines CALC, TRAV,
TRWAIT, ADRD and PROBE, is responsible for finding the flow properties in
bomb axes at the twelve stations along the store centre-line.

FLOW first calls Subroutine CALC which

(i) transforms the coordinates of the first station from bomb axes to
aircraft axes,

(ii) Converts the coordinates from metres to inches,

(iii) divides by the scale factor (SCALE) to convert from full scale to
model scale length measurements,

(iv) transforms from aircraft axes to traverse rig axes, and

(v) calls Subroutine TRAV to move the yawmeter probe to the position
calculated.

TRAV is an Assembly Language routine which drives the traverse rig to the
wind tunnel coordinates (X,Y,Z) in the minimum time. It uses one hardware
register to drive three coordinate axes simultaneously thus making its opera-
tion somewhat complicated. A full description of TRAV can be found in
Section 3.8.2 of reference 5.

When the probe has arrived at the desired position, a probe settling
delay of six seconds is allowed (by TRWAIT) and then the necessary pressure
measurements are taken (by ADRD). Manifold, pitot and the two differential
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pressures (DP13 and DP24) are acquired through a Raytheon Multiverter
(multiplexed analog-to-digital converter), while the total pressure is
acquired from a digital read-out of the S1 wind tunnel Boulton-Paul manometers.

Having acquired the pressure data, FLOW again calls CALC in order to
start the probe moving towards the next measurement station. Thus, the
probe movement to the next station and the processing of the measurements of
the current station can proceed in parallel, so that delays can be kept to
a minimum.

To calculate the flow properties at the current station from the pressure
measurements, FLOW calls Subroutine PROBE, which calculates the ratio of
pitot pressure to manifold pressure and prints an error message if this
ratio is less than one.

h PROBE uses the pressure measurements from the yawmeter probe to calculate
a downwash and sidewash. This is accomplished by means of three probe
calibration data stores which reside on disk. The three files are as
follows:

(a) TMACHT PRB resides on logical unit 14 (.DAT 16g) and is a table of
Mach number as a function of pitch (PITCH) and the pltot -to-manifold
pressure ratio (PRATIO), PITCH ranging from 0° to 29° in steps of 1
and PRATIO ranging from 1 to 4.2 in steps of 0.05. In the tables,
PRATIO ranges more rapidly than PITCH; that is, the f1rst 65 table
entries are for a pitch of 0%, the next for a pitch of i , and so on

J up to the last 65 values which are for a pitch of 29 In general,
i the record number corresponding to a particular PITCH and PRATIO is
given by
R = 65.PITCH + 20(PRATIO-1)+1.

(b) PRATIO PRB is on logical unit 3 and is a table of pitot-to-total
pressure ratio (RATIO) as a function of pitch ranging from 0° to 29
in steps of 1° and Mach number ranging from 0.4 to 1.4 in steps of
0.1. Again, Mach number ranges more rapidly than pitch.

In general, the record number corresponding to a particular PITCH and
MACH number is given by

R = 11.PITCH + 10.MACH-3.

(c) MACHCX PRB resides on logical unit 12 (.DAT 14g) and is a table of
downwash angle and sidewash angle as functions of the differential
pressure coefficients (DC13, DC24) and Mach number. DC13 and DC24
each range from -2 to +2 in steps of 0.1 and Mach number ranges from
0.4 to 1.4 in steps of 0.1.

Mach number ranges most slowly, then DC24 and finally DC13 ranges

most rapidly. Thus, the first 41 entries each give a downwash and
sidewash for a Mach number of 0.4 and a DC24 of -2, the next 41 entries
correspond to a Mach number of 0.4 and a DC24 of -1.9, and so on up

to the last 41 entries, which correspond to a Mach number of 1.4 and

a DC24 of +2.

In general, the record number corresponding to a particular DC13,

DC24 and MACH number is given by

R = 417 (10.MACH-3) + 41[ 10(DC24+2)] + 10(DC23+2)+1.
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Returning to the operation of Subroutine PROBE, a pitot-to-manifold
pressure ratio is calculated, a pitch equal to the last pitch calculated
(obviously zero for the first time through) is assumed, and the file TMACHT
(as described in (a) above) is accessed to give a corresponding Mach number
M).

After checking that the Mach number is in the range 0.4 to 1.4, PROBE
then accesses PRATIO PRB (as in (b) above) to give a pitot-to-total
pressure ratio for the assumed pitch and the now known value of Mach number.
This ratio, together with the measured pitot pressure, then gives an
estimate of total pressure, from which the static pressure is calculated
from the formula

Pstatic ptotal/(l + (o - 1)M2/2)7/(7-1)-

Dynamic pressure (q) is then given by the relation

qQ = %70p M.

static

The calculated value of q, together with the measured differential
pressures DP13 and DP24, enables the differential pressure coefficients to be
calculated from the formulae

DC13 DP13/q
and

DC24

DP24/q.

The file MACHCX PRB (as in (c) above) is then used to give values of
downwash angle and sidewash angle as functions of DC13, DC24 and M.
The downwash and sidewash then enable a new estimate of pitch to be

calculated and the process is then repeated using this updated value of pitch.

The iteration is said to converge when successive approximations for pitch
lie within 0.15" of each other but, in any event, an error message will be
printed and execution terminated if more than 5 iterations are required.

All disk accesses are performed by subroutine READIN, which reads from
the tables entries on either side of given values of the two independent
variables and then forms a two-dimensional linear interpolation.

As with the data bank of store coefficients, the accesses to the disk
to obtain probe calibrations are carried out by means of Direct-Access
Input-Output commands, which permit the user to directly reference any record

in a file without indexing from the file's beginning up to the desired record.

Therefore, all calls to READIN must include, not only the logical unit
number to define the file to be accessed, but also a record number which is
calculated from the values of the independent variables under consideration.
PROBE thus contains the necessary algorithms for computing appropriate
record numbers associated with the files TMACHT, PRATIO and MACHCX.

When PROBE has calculated, relative to probe axes, the downwash angle
(DOWNP) and sidewash angle (SIDEP) for the current store measurement station,
control is then returned to Subroutine FLOW.

FLOW then uses the Mach number calculated by PROBE to determine the local
velocity and then the components of local velocity relative to probe axes.
These are given by
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(lag' = @+I52n2ya 15 W) (90)
IVl = Ma (91)
u, = -1 / /1 + tan® (DOWNP) + tan® (SIDEP) (92(a))
Vp = Up tan(SIDEP) (92(b))
and
W, = U, tan (DOWNP), (92(c))

where a is the local velocity of sound and the subscript * refers to free-
stream values.

V is the wind vector and is shown in figure 5 together with the probe axes
and the corresponding velocity components Up, Vp and Wp.

The vector (UP, v WP) is transformed, through the Euler angles probe

p,
roll and probe pitch, to wind tunnel axes, then to aircraft axes and finally
to bomb axes. The final velocity components (UMS, VMS, WMS) returned by
FLOW therefore represent the components of wind velocity relative to bomb
axes.

FLOW repeats the entire process for each of the twelve measurement stations.
To save time, the measurement stations are visited in the sequence
W2 o » 12) for odd trajectory points and in the sequence
(2. 01); cowvis » 1) for even trajectory points - a ''zig-zag" effect.

Listings of Subroutines FLOW, CALC, TRAV, TRWAIT, ADRD, PROBE and READIN
are given in Appendix V.

4.6 The uniform flow routines CORECT and CREF

Section 3.1 describes how uniform flow conditions are calculated at a
reference point.

Subroutine CORECT uses the methods of Section 3.1 to calculate the
effective incidence (ae) and the effective sideslip (Be), given by

a = a+ 2y (93)

and

=
n

B+ 2v, (94)

where @, B and v are, respectively, the incidence, sideslip and camber
defined in Section 3.1.

CORECT then returns control to the Main Program, which calculates total
pitch (OT) and total roll OpT) according to the formulae

0, = tan"'q/ (V/U)* + (W/U)?) (95)

and

¥y = ARCTAN (V/U, W/U). (96)
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Equations (95) and (96) derive from the equations (see figure 4)

U = -Vl cos BT (97(a))

V = -Vl sin 0T sin ¢, (97(b))
and

W = -lVl sin BT cos ¥, (97(c))

where V is the wind vector and U,V,W are the components of the wind vector
relative to bomb axes.

The next step is to call subroutine CREF, which uses total pitch and
total roll to read the appropriate force and moment coefficients from
logical unit 13 (.DAT 15;) of the disk.

This uniform flow data store is named 'MK82CX STC' for the Mk82 Bomb
data and is named 'KARCX STC' for the Karinga store data. Each file
consists of 8 x 13 x 16 = 1664 records, each record containing the 10
coefficients CX, CY, CZ, CL, CM, CN, CLP, CMQ, CNP and CYP for given Mach
number, Total Pitch and Total Roll. The last four coefficients are
dynamic derivatives and are given by

CLP = Z%_%%L (Roll Damping) (98(a))

Z%—%%M (Pitch Damping) (98(b))

M

CNP = g%—ggg (Magnus Moment) (98(c))

and

2V aCY

CYP = D ap

(Magnus Force) (98(d))

where D is maximum cross-sectional diameter, V is local velocity and p, q, r
are bomb Euler rates relative to total axes.

The range of Mach numbers is 0.4, 0.5, 0.6, 0.7, 0.8, 0.85, 0.9 and 0.95
(this range is currently being extended to Mach 1.2). Total roll ranges from
-45°oto +45° in steps of 7.5 while total pitch ranges from 0  to 30  in steps
of 2.

Mach number ranges most slowly, then total roll, and finally total pitch
ranges the most rapidly. Thus, the first 16 entries correspond to a Mach
number of O.g and a total roll of -450, the next 16 to M = 0.4 and total
roll = -37.5", and so on up to the lagt 16 values which correspond to a Mach
number of 0.9 and a total roll of +45°,

In general, the record number corresponding to a particular Mach number,
total roll (wT) and total pitch (OT) is given by

R = 208(M - 1) + 16[(¢T + 45)/7.5] + IGT/ZJ + 1,
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where [ ] denotes the integer part and M is defined by

M

| 10.MACH - 3] for 0.4 < MACH < 0.8

and

M [20.MACH -11] for 0.8 < MACH < 0.95.

CREF calls READIN twice to determine the flow values at the Mach number

table entries above and below the required Mach number. It then interpolates
over Mach number to give the final values of the coefficients. The total
interpolation therefore consists of two two-dimensional interpolations over
pitch and roll (one for each call to READIN) plus a one-dimensional inter-
polation over Mach number.
Allowing for the dynamic derivatives, CREF then calculates the coefficients
relative to total axes as
TCX = CX (99(a))
TCY = CY + p g—gi (99(b))
TCZ = CZ (99(c))
oCL
TCL = CL + p ip (99(d)) ,
|
2
TCM = CM +q ——3"‘“ (99(e)) ;
q |
.
and
" ACN 9CN
TCN = CN + p ap - T 5% (99(£))
where CX, CY etc. are read from the data store and the dynamic derivatives
are obtained via equations (98) also from the data store. It is assumed
that g%u = %%M. Finally, CREF transforms the six calculated coefficients

from total axes to bomb axes and then returns control to the Main Program.
Listings of CORECT and CREF are given in Appendix VII.

4.7 The non-uniform flow routine CINC

Subroutine CINC uses the methods of Section 3.2 to calculate non-uniform
flow increments to the coefficients calculated in Section 4.6.

Since Section 3.2 fully discusses the techniques involved, it is sufficient
to refer the reader to that section rather than repeat the description here.

The derivatives %%, %%, %g required by equations (76) and (81) are calcul-
ated in the following way:
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(i) If the derivative g§ is required at the point X then CINC fits
the parabola

F = a+ bx + cx?

successively through the points (xi_z, X; 10 xi), (xi-l’ xi, xi+1)

and (xi, Xi41? xi+2).

(ii) Each estimate of the derivative is then given by

dF
T = b + 2cx.

(iii) The arithmetic mean of the three estimates is then calculated to

give the final estimate of %5 at the point X; - This averaging
technique gives good results and seems to obviate the problems which

arise in a simple curve fit when the points are unevenly spaced.

When CINC has calculated the non-uniform flow force and moment increments
at each of the bomb measurement stations (xi), it integrates each contribution

with respect to x to give the non-uniform flow and moment increments for the
entire bomb.
A listing of Subroutine CINC appears in Appendix VII.

The integration routines INTM and DAUX

Subroutine INTM is simply a classical fourth-order Runge-Kutta integrator
similar to those which have been in existence for some years now.
Briefly, let the system of equations to be solved be given in the form

x = £x,t):

If the point t has been reached and x(t) = x, INTM calculates in succession
the quantities

ke = hf(x, t),

ki = hf(x + ko, t + %h),

k2 = hf(x + %k, t + %h),
and

ks = hf(x + k;, t + h),

where h is the time step.
Then

x(t + h) = x(t) + (ko *+ 2k; + 2k, + k3)/6.
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In fact, INTM integrates 18 first-order differential equations at each

time step. To do this it uses the first 75 elements of the main program
matrix T. E
T(1) is used to store time, T(2) is the current time and T(3) is the :
time step.
T(4) to T(21) are the dependent variables to be integrated, where
(a) T(4) to T(12) are the elements C(1,1), C(2,1), C(3,1), C(1,2), .....
C(3,3) of the direction-cosine matrix C as defined in equations (4)
and (47).

(b) T(13) to T(15) are X, Y, Z, the position of the bomb centre of
gravity relative to aircraft axes,

(c) T(16) to T(18) are U, V, W, the velocity of the bomb centre of gravity
relative to aircraft axes,

(d) T(19) to T(21) are the angular momentum components of the bomb
relative to earth axes, but expressed in bomb axes,

(e) T(22) to T(30) are the rates of change of the direction-cosines in
(a) above, as given by equation (54),

(f) T(31) to T(33) are the rates of change of X, Y, Z in (b) above,
(g) T(34) to T(36) are the rates of change of U, V, W in (c) above, and

(h) T(37) to T(39) are the rates of change of the angular momentum
components in (d) above.

In addition, INTM uses T(40) to T(75) as working storage.

Whenever INTM wishes to calculate the derivatives corresponding to the
18 first-order differential equations it calls Subroutine DAUX.

DAUX first updates the angular velocities p, q, r from the angular
momentum components by means of equation (40).

It also re-normalizes the elements of the direction-cosine matrix by !
means of the formula

ij

The truth of this relationship follows from equation (4), which shows that
the sums of the squares of the elements in any row or column of the
direction-cosine matrix C is unity.

Next DAUX updates the bomb and aircraft rotation matrices IIB and KZA

from the angular rates p, q, r and Pp» Qp0 T respectively, according to

A
equation (15).
Then the following derivatives are calculated:

(i) The direction-cosine matrix derivatives (C), one for each of the
nine elements, given by equation (54) as

(ii) The derivative (ZA) of (X,Y,Z), given by equation (34) as

= u+ 8 (101)

X A XA
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(iii) The derivative (g) of (U, V, W), given by equation (39) as

/ug sin (ATTACK)
u = F,/m - 0 +QA_1_1_. (102)
\;Mg cos (ATTACK)

(iv) The derivatives (ha) of the angular momentum components, given by

equation (46) as

e MAD hy. (103)

o

As noted in Section 4.2, the forces (EA) in equation (102) and the
moments (!B) in equation (103) are calculated by DAUX via a parabolic

extrapolation into the current time interval, in order to overcome an
inherent instability in the integration process.

It should be noticed that, once the '"bomb-alone trajectory" phase has
begun, the variables describing the state of the bomb are referred to earth
axes, and therefore DAUX then ignores the final terms of equations (100),
(101) and (102). That is, the 3 x 3 matrix flA =G,

A listing of Subroutines INTM and DAUX is given in Appendix VIII.

5. CONCLUDING COMMENTS

The Captive Trajectory Yawmeter System appears to be a successful means of {
simulating store separation from aircraft. Results to date are most encouraging. {
The technique of using a yawmeter probe in place of a model mounted upon a sting :
decreases problems, such as scale effects, associated with small wind tunnels.

Since a typical trajectory requires approximately 30 min of running time, the
CTYS is aimed at small continuous flow facilities. Because a settling delay of
approximately 5 s is required at each of the 12 measurement stations, probe
settling time therefore accounts for one minute per trajectory point. When, in
addition, the traversing time of the rig is taken into account, it is obvious
that the quoted total time of 30 min cannot be reduced for any reasonable traject-
ory, despite the fact that data store accesses have been streamlined to the utmost
and are carried out in parallel with the traversing and settling operations.

Thus, the CTYS would be clearly unsuited to blowdown tunnels and very expensive i
to use in large continuous flow facilities. {

Two extensions of the system are currently underway. Firstly, a model of |
the ejectors is being developed(ref.4) so that store position, attitude and
rates at the end of the ejector stroke can be fed automatically to the program.

At present, these must be supplied by the experimenter as input parameters. i

Secondly, it has been found(ref.2) that the yawmeter probe can give spurious
readings when it is positioned too close to any part of the aircraft surface, i
such as bomb racks. Consequently, off-line measurements are currently being
made, to provide a data store of aerodynamic coefficients as a function of
position and attitude whilst the probe is located within this difficult region.
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AROLL,APITCH,AYAW

DIVE
E

Iy Iyyr 17z

T

U,V,w

Np ¥ e
X*,Y*, Z2*

XF,YF,ZF

XN, YN, ZN

Y.Z

o &

|

— 320 5

NOTATION

Euler Roll, Pitch and Yaw of aircraft relative to Earth
axes

direction-cosine (coordinate transformation) matrix

cross-flow drag coefficient

ijth element of C

cross-sectional diameter of bomb (metres)

aircraft dive angle

st i

external forces on bomb

moments of inertia of bomb about its principal axes
(kgm m* )

mean chord of aerofoil

Mach .number

external moments on bomb (newton-m)
cross-sectional area of bomb (= 7 D?/4)
ambient temperature

velocity components of bomb C.G. relative to Aircraft
axes (m/s)

coordinate axes; position of bomb C.G. (metres)
position of aircraft C.G. (metres)

coordinates of bomb's reference fin relative to
Aircraft axes (metres)

coordinates of bomb's nose relative to Aircraft axes

cross-force components (see Section 3.2)

speed of sound (m/s) ﬁ

vector fixed in Aircraft axes

vector fixed in Bomb axes

vector fixed in Earth axes

potential cross-force (see equation (75))
gravitational acceleration (9.80665 m/s)

height of aircraft; mean height of aerofoil
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e

X5Y,2

¢,0,8

Po* ,0*’3t
n

Hg

yol

1:_)

Subscripts
A

B
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angular momentum vector (newton-m-s)
mass of the bomb (kgm)
static pressure (newton/mz)

angular rates of rotating system about its own X,Y,Z
axes respectively

dynamic pressure () p V*) newton/m?)
time (s) N
see equation (33)

position of aircraft C.G. relative to earth axes
angular rotation matrix

incidence

effective incidence (a + 2y)

sideslip

effective sideslip (B + 27)

wing camber (=h/c); ratio of specific heats

Euler Roll, Pitch and Yaw

Projected Roll, Pitch and Yaw

crossflow-drag proportionality factor (see Section 3.2)
centripetal acceleration of aircraft trajectory

local air density; radius of curvature

angular rotation rate vector

Aircraft axes

Bomb axes; Buoyancy
Earth axes
Potential; Probe
Total axes

Viscous

Uniform Flow

initial conditions

free-stream conditions
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LISTINGS OF THE CONSTANTS EDITOR (EDCON)

[t

EDCON DATE: 2¢-6-77

CTS CONSTANTS EDITOR

[t )

(9]

CALLING SEQUENCE:
$A RKA -9
i $GLOAD
C LOADER ¥3aBHA
L >_EDCON <ALTHODE>

[ o}

DIMENSION FILE(2)

DIMENSION XMSC12),0NMSC(12),ANS(12)
DIMENSION T(32B),IT(S5),TS(17)
DIMENSION C(3.,3),P¥(3), DELPY(3).PAV(3)
DIMENSION FSV(3,6), TIMES(3),ABC(3,86)

CxxxxsTIME, INTEGRATION TIMNE STEP
EQUIVALENCE (T(2), TIME)Y,(T(3),DT)
C+#*xx*DIRECTION COSINES DEFINING ORIENTATION OF BOMB WITH RESPECT TO
£ AIRCRAFT.
EQUIVALENCE (T(4),C11,C),(T(5),€21),(T(6)>,C31)
EQUIVALENCE (T(?),C12),(T(8),€22),(T(9),€32)
EQUIVALENCE (T(18).C13),(TC11),€23),(T(12),C33)
C#x+x*POSITION OF BOMB CENTRE OF GRAYITY IN RIRCRARFT AXES
EQUIVALENCE (TC(t13), X2, (TC14),Y3,(TC13),2)
Txxs2x¥ELOCITY OF BOMB C.G. IN RIRCRAFT AXES.
EQUIVALENCE (TC16), U, (TCL?7),¥),(TC18),W¥)
Cxxss*ANGULAR MOMENTUM OF BOMB IN BOMB AXES
EQUIVALENCE (TC(19),HX),(T(28),HY)>,(T(21),H2>
{ Cxx+x*xRATE OF CHANGE OF DIRECTION COSINES ABOVE
é EQUIVALENCE (T(22),DC11),(T(23),0C21),(T(24)>,DC31)
EQUIVALENCE (T(25),DC12),(T(263,DC22),(T(27),DC32)
EQUIVALENCE (T(28),DC13),(TC(29)>,0C23)>,(T¢38)>,DC33)
C+x»x3RATE OF CHANGE OF X,Y,Z,ARBOVYE
EQUIVALENCE (T(31),DX), (T(32),DY),(T(33),D2)
Cxxxx#RATE OF CHANGE OF U.,Y.W ARBOVE
EQUIVALENCE (T(34),DU),(T(33),DVY),(T(36),DVW)> |
C+#x**x3RATE OF CHANGE OF HX,HY,HZ ABOVE |
‘ EQUIVALENCE (T(37),DHX),(T(38),DHY),(T(39),DHZ) i
Cxx*xxT(4B) TO T(?5)> RESERVED FOR INTH.
Cx#xx*RIRCRAFT ROTATEON ANGLES W.R.T. EARTH AXES
EQUIVALENCE (TC(?6),AROLL ), (T(?7), APITCH), (T(?8),AYRY)
Cxx»xxsBONB MOMENTS OF INERTIA
EQUIVALENCE (T(79),AXX),(T(8B), AYY ), (T(81),A22)
Cx*x+x*BONB MASS (KGH)
EQUIVALENCE (T(82),STHASS)
C+*x+x3sPROBE ROLL AND PITCH ANGLES W.R.T. TRAVERSE AXES
EQUIVALENCE (T(83),APTROL),(T(84),APTPIT)
Cxx*2xTIME LIMIT FOR DROP,AIR TENPERARTURE (DEG C).
Lxx*xsBOMB C.G. (METRES FROM TAIL),AIRCRAFT HEIGHT(METRES),
C*xx2sBOMB SCALE (AS IN 1/SCALE),T(9B) SPARE,SPEED OF SOUND,
C+*x2sACCELERATION DUE TO GRAVITY,T(93) SFARE
EQUIVALENCE (T(8S5). TLIMIT),(T(86), TEMP),(T(8?7),XCG),
1 (T(88),HGHTAR),(T(89),SCALE),
2 (T(91),VYSOUND)>,(T(92),GRAVAC)
Cxxx2sTOTAL PITCH AND ROLL OF BONB IN FLOWFIELD AT REFERENCE POINT.

EQUIVALENCE (T(94), THETOT),(T(95),PHITOT) I

— S ———




ISP

Ty

WSRL-0005-TR - 36 -

CxxexxFREE STREAM MACH NUMBER,MARX BOMB RREA,MAX BOMB DIAMETER
EQUIVALENCE (T(96),RNACHB),(T(97),ANARX),(T(98),DHAK)
CxexxxAIRCRAFT ANGLE OF ATTACK
EQUIVALENCE (T(29),ATTACK)

L9

*x=xxT(18B) TO T(1HB3)> SPARE.

'l ]

o

*xxxxFREE STREAM DYNAMIC PRESSURE
EQUIVALENCE (T(1B4).QDPB)
«*xxxxdIND FORCES ON BOMB IN AIRCRAFT AXES.
EQUIVYALENCE C(TC1BS>, WX),(T(1Be),¥Y), (TC(187).,¥2)
*xxxxY IND MOMENTS ON BOMB IN BOMB AXES.
EQUIVALENCE ¢(TC1H8), ML), (TC(1B9),UNM), (TC(118B),WUN)
**xxxxQ IRCRAFT ROLL.PITCH, YAW RATE ABOUT ARIRCRAFT AXES
EQUIVALENCE (TC111>,PA,PAY), (TC112),8AR),(TC(113),RA)

» e

o

oo

*x*x*%x FREE = -1.(+#1.) IF BOMB-ALONE TRAJECTORY
IS NOT (IS)> OPERATING.

o

EQUIVALENCE (T(i14),FREE)
CxsxxxALPHA AND BETA OF BOMB USED FOR CALCULATING COEFFICIENTS
EQUIVALENCE (T(1155,ALPHA),(T(1163,BETR)
Cx*xx*xRIRCRAFT ACCELERATIONS IN AIRCRAFT AXES.
EQUIVALENCE (T(117),AX),(T(118),A8Y),(TC(119),A2)
C+xxxxFORCES ON BOMB C.G. IN ARIRCRAFT AXES.
EQUIVALENCE (T(i28),FX..(TC(121),FY),(T(122),F2)
CxxxxxMOMENTS ON BOMB ABOUT BOMB X.,Y,Z RKES
EQUIVALENCE (T(123),FL)>,(T(124),FM),(TC125),FH)
CxxxxxROTATION ANGLES DEFINING ORIENTATION OF BOMB W .R.T _AIRCRAFT.
EQUIVALENCE (T(126)>,ROLL)>, (TC127),PITCH),(T(128).YAW>
C+*xxxxROLL.PITCH, YAYW RATES OF EOMB ABOUT BOMB X,Y.,Z AXES
EQUIVYALENCE (T(129),P,PV¥), (T(138).,@),¢(T(131)>,R)
CxxxxxPRESSURE AT HEIGHT,DYNAMIC PRESSURE AT HEIGHT.
EQUIVALENCE (T(132)>,PRESS)>.,(T(133).,Q8DPALT)
CxxxxxDEGREES TO RADIANS,RADIANS TO DEGREES
EQUIVALENCE (TC(134),DTR),(TC135),RTD)
CxsxxxVELOCITY OF ARIR AT -INFINITY-
EQUIVALENCE (T(13e),YELINF)
CxxxxxQIRCRAFY SELF-ROTATION-RATE MATRIX.
EQUIVALENCE (TC(i37>,AR11),(T(138),AR21)>,(T(139),AR31)
EQUIVALENCE (T(148),AR12),(T(141)>,AR22),(T(142),RR32)
EQUIVALENCE (T(143),AR13),{(T(144),AR23),(TC(145),AR33)
Cx*xxxB0OMB SELF-ROTATION-RATE MATRIX.
EQUIYALENCE (T(id4e),BR11),(TC(147),BR21)>,(T(148),BR31)
EQUIVALENCE (T(149),BR12),(T(158),BR22)>,(T(151),BR3I2}
EQUIVALENCE (T(152),BR13),(T(153),BR23),(T(154),BR33)
Cxxx2xT(155) TO T(1eB)> SPARE.

C+xxxxGRAVITY FORCE IN AIRCRAFT AXES.
EQUIVALENCE (T(i61)>,GX),(T(162),6Y)>,(T(163),G62)
CxxxxxDIYE ANGLE OF AIRCRAFT.
EQUIVALENCE (T(164),DIVE)
Ce#xxxxP |, TUOPI,CONYERSION FROM METRES TO INCHES
EQUIVALENCE (TC(16S5S),PI),(T(166),THOPI),(TC(16?).CHI)
Crsas CENTRIPETAL ACCELERATION OF AIRCRAFT (IN G'S)
EQUIVALENCE (T(168),GF)
Cxxxs2AT ALL MEASUREMENT STATIONS. AREAS.DIAMETERS.DYNAMIC PRESSURE.
CexxxxMACH NUNBER,U,Y, W (WIND VELOCITY COMPONENTS,BONB AXES),
CrexsxAND MEASUREMENT STATIONS (C.G.=8B,NOSE +VE.I E. ,BOMB AXES)
EQUIVALENCE (TC(169),ANS),(TC(181),DMS),(T(193),QNS),

RENTLC S
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3 I CTC2ES),RNS),(TC217),UNS), (T(229),VMS), C1(241),4HS),
2 (T(253),XMS)
C*x>xsxFREE STREAM AERODYNAMIC COEFFS BOMB AXES
EQUIVALENCE (T(265),CX%X),(T(2686),CY),(TC267),C2),
1 (T(268),CL),(T(269),CH),(T(278),CN)
Cx+xxx» INCREMENTS TO COEFFS DUE TO NON-UNIFORM FLOW
EQUIVALENCE (T(271),DCR)>,(T(272),DCY),(T(273),DC2),
1 (TC(274),DCL)>,(T(275),DCN), (T(276),DCN)
C**xs*xPROBE PRESSURE MEASUREMENTS
EQUIYALENCE (T(277)>,0P13),(TC(278).DP24),
P TC273) PMAN), CTC28B,PPIT Y, (T{281), TPRESS)
AREA TO SAYE COEFFICIENTS AT PREYIOUS 2 TRAJ. POINTS.
EQUIVALENCE (T(282).FSV)>,(T(38B). TIMES).(T(3B3),RBC)

)

(I )

Cxxx2xNO OF MEASUREMENT STATIONS.REF POINT,INTEGRATION LINITS.
EQUIVALENCE CITVC1),NMS),(ITC2),NREF),(ITC3),NBACK)
EQUIVALENCE C(ITC4)NFRONT),CIT(S),NPRINT)

(9]

EQUIVALENCE (TSC4),ROLLS), (TS(5),PITCHS). (TS(6).YANS)
EQUIVALENCE (TS(?),PS),(TS(8),85)>,(TS(9),RS8)
EQUIVALENCE (TS(18),ATTACS), (TS(11)>,DIVES)
' EQUIVALENCE (TSC(12)>,PAS),(TSC13),QRS),(TSC(14),RAS)
EQUIVALENCE (TS(15),SPTROL),(TSC16),SPTPIT)
EQUIYALENCE (DELPV(1),DELP),(DELPVY(2),DELQ@),(DELPVY(3),DELR)

CONSTAHT DATA:

CrCa 0 0

DATA ANSNO/SHN /ANSYES/SHY /., NMS/12/

i DATA NREF/2/,KBACK/3/,NFRONT/12/

DATA P1/3.14159265/.CNM1/39.378B79/.GRAVAC/9 . 88665/
DATA DTR/B.B17453293/.RTD/57.29578/

o

TANCX)=STH(X)/COSC(X)

]

/

FORMAT(///1X'CTS CONSTANTS EDITOR’//1X'ENTER FILE NAME ‘)
FORMATC(AS.,A4)
FORMATC(/ /71X, CREATING NEW FILE?’)
FORMAT(//1X'#*+«B0ONB PARAMETERS*#*x')
14 FORMATC(/1X*'MOMENTS OF INERTIA’)
FORMATCIX'IX (KGM M2):'F12.5)
FORMAT(F12.6)
FORMATCLIX'TIY (KGM M2):°Fi2.5)
FORMATC(IX’IZ (KGM M2):'F12.5)
FORMAT(/1X’MASS (KGH):'F12.5)
8 FORMATC(/1X’C.G. POSN (METRES FROM TARIL):’Ft2.5)
1 FORMATC(/1X’BOMB SCALE (S AS IN 1/S):’F12.5)
12 FORMATC/I X’ ENTER’ . 14,’ MEASUREMENT STATIONS (M)'//)
t3 FORMATC(//1X'ENTER’ . 14,’ DIAMETERS AT MEAS. STATIONS (HM)'/)
14 FORMAT(//1X'POSN OF BOMB C.G. (AIRCRAFT AXES)’)
19 FORMATC(IX’'X (METRES):’F12.5)
te FORMATC(1IX’Y (NETRES):’F12.95)
1 FORMATCIX’'2 (METRES)>:'F12.5)
i 8 FORMATC(//1X’ VELOCITY OF BOMB C.G. (AIRCRAFT AXES)’)
19 FORMATC(LIX'U (M/S)>:"F12.5)
28 FORMAT(IX'Y (M/S):i’F12.5)
21 FORMATCIX'W (M/S)>:'F12.5)
121 FORMAT(//71X' BOMB ATTITUDE (RIRCRAFT AXES)’)

LUl RN I SR e I = L
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22 FORMATC(//1X'ANGULAR RATES (BOMB AXES)’)

23 FORMATCIX'ROLL RATE (DEG/S):’'F12.5)

24 FORMATC(IX'PITCH RATE (DEG/S):'F12.3)

5 FORMATC(IX’'YRW RATE (DEG/S)>:'F12.5)

26 FORMAT(//1X’xx=AIRCRAFT PARAMETERS ®x=xx’)

{26 FORMAT(/1X’ HEIGHT (METRES):'F12.5)

27 FORMATC(/1X’ANGLE OF ATTACK (DEG)Y:’'F12.5)

28 FORMATC/1X’'DIVE ANGLE (DEG):’F12.95)

29 FORMATC(//1X’ANGULAR RATES (AIRCRAFT AXES):’)

38 FORMAT(//1X’»x*=PROBE ATTITUDE (TUHNEL AXES)®*x’)

31 FORMATC(IX’ROLL ANGLE (DEG):’F12.95)

32 FORMAT(IX’'PITCH ANGLE (DEG)Y:’F12.5)

23 FORMAT(IX’YAW AMGLE (DEG):'F12.5)

37 FORMAT(// 1R xx=xMISCELLANEOUS INFORMATION*=x')

38 FORMAT(IX"CENTRIPETAL ACCHN OF ARIRCRAFT (IN G’S)>:“F12.5)
39 FORMATCIX'TIME STEP (S):’'F12.5)

48 FORMATC(I{X’FREE STREAM MACH NO.:°F12.5)

42 FORMATC(/1X"BOMB-ALONE PRINT INCREMENT C(IN DT’S):"“14)
41 FORMAT(IX'TIME LIMIT FOR DROP (S)>:’F12.5)

C

1881 FORMATC(/1X’ALTER PARAMETERS?’)

1882 FORMAT(/IX’ENTER N, WHERE N='/1X’1 BOMB:2 AIRCRAFT;3 PROBE:

14 MISCELLANEOUS:’

2 /1X’3 MERSUREMENT STATIONS:6 DIAMETERS AT M. S.'/)
1883 FORMAT(I2)
1884 FORMAT(/1 X’ ENTER NUMBER OF CHANGES’)
1B8S FORMATC(/1X’XHS(L): ENTER L,CARRIAGE RETURN, THEN VALUE')
1B8e FORMAT(/1X’DMS(L): ENTER L,CARRIAGE RETURN.,THEN VALUE’)

tBR? . FORMATC(/IX’'FILE NAME NOT KNOWN - TRY AGARIN!’//)
{dBs FORMAT(/1X’ENRTER N,AS DEFINED ABOVE’)
1889 FORMATCEIX': ')

1818 FORMAT(/1X’FILE ALREADY PRESENT ON DISK - DO YOU WISH
f TO DISCARD IT? C(Y/N)')

idt FORMAT(EIX’CTYS CONSTANTS FOR FILE ‘,45.,A4/77)

4882 FORMATC(AL)

TUOPI=2 =PI
P14=PL/4.
IoLD=1
IPRTD=1

ASK FOR FILE NANME

a99 WRITEC(4,1)
READ(?7,2)FILE

C ASK IF CREATING NEW FILE.
IRST=1
CALL CTRLP
GO TO (281,282.,283,284.,285,286,287), IRST
281 URITE(4,3)
READ(7,4BB2)ANS
[FCANS _EQ .ANSNO)> GO TO 1@a8
CALL FSTAT(2,FILE, IPRES)
IFCIPRES E@ .8) GO TO 382
WRITEC(4,1818)
READ(?7,4882) ANS
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IFCANS EQ .ANSYES) GO TO 382
CaLL CLOSE(2)
GO TO 1899

YES. NEW FILE.
[RST=2
WRITE(4,4)

m S
LA (N

Co oI G €0

ASK FOR POSITION OF BOMB C.GC. C(AIRCRAFT AXES).

WRITEC4, 14)

WRITE(4.,15) X

CALL DECDE(X)

WRITEC4,16) ¥

CALL DECDECY)

WRITEC4,17) 2 :
CALL DECDE(2) :

[

ASK FOR VELOCITY OF BOMB C.G. (ARIRCRAFT AXES).
WRITE(4,18)

WRITEC4,19) U

CALL DECDECU)

WRITE(4,28) ¢

CALL DECDEC(Y)

WRITE(4,21) ¥

CAaLL DECDECW)

(9]

ASK FOR BOMB ATTITUDE (AIRCRAFT AXES).

WRITEC(4,121)

MRITE(4,31)>Q0LLS

CALL DECDECROLLS)

WRITE(4,32) PITCHS 13
CALL DECDECPITCHS?

WRITE(4,33) YaMs

CALL DECDECYAUS)

(]

c ASK FOR ANGULAR RATES (BOMB AXES).
WRITE(4,22)
WRITE(4,23) PS
CALL DECDECPS)
WRITE(4.,24) @S
CALL DECDE(AS) -
WRITE(4,25) RS ’
CALL DECDE(RS)

(e ]

ASK FOR BOMB PRINCIPAL MOMENTS OF INERTIA.

(o]

WRITE(4,714)

IX (KGH M2)
WRITE(4,5) AKX
CALL DECDE(ARXRX)

()

[y

IY (KGN HW2)
WRITE(4,7) AYY
CALL DECDECAYY)

(9]

[ N

IZ C(KGM H2)
WRITE(4.,8) A22
CALL DECDEC(AR22Z)

[ o}

MASS OF BOMB (KGHM)
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WRITE(4,9) STHASS
CAaLL DECDE(STHASS)

C
t C.C. POSITION (METRES FROM TAIL)
WRITE(4.,18) XCG
CALL DECDE(XCG)
C
c SCALE.,AS IN 1/SCALE.
WRITE(4.11) SCALE
CALL DECDE(SCALE)
GO TGO (383,73).,10LD
C
c GET THE ’'NMS’ MEASUREMENT STATIONS.
383 IRST=3
283 WRITEC4,12)NNS
DO SB8 L=1,NNS
Sa8 CALL DECDE(XHMS(L))
C
c GET DIAMETERS AT THESE MEARSURED STATIONS.
IRST=4
284 WRITEC4,13)NNS
DO SB1 L=1,NHS
Sa1 CALL DECDEC(DMS(L))
c

Crxxx+x+xxACQUIRE AIRCRAFT PARANETERS*=xwax
C

385 IRST=5

285 WRITE(4,26)

c

> RIRCRAFT HEIGHT (METRES)

WRITE(4.,126) HGHTAH
CALL DECDEC(HGHTE)

(9

¢ ANGLE OF ATTACK (DEGREES).
WRITE(4,27) ATTACS
CALL DECDE(ATTACS)
ATTACK=ATTACS*DTR

2 €

DIVE ANGLE (DEGREES).
WRITE(4.28) DIVES
CALL DECDE(DIVES)
DIVE=DIVES*DTR
€

GO TO (386.,73),1I0LD
¢
CerxesesRSK FOR PROBE ATTITUDEs=222e
C
38e IRST=6
286 WRITE(4,38)

PROBE ROLL (DEGREES)
WRITEC(4,31) SPTROL
CALL DECDE(SPTROL)
APTROL=SPTROL*DTR

€ PROBE PITCH (DEGREES).
URITEC(4,32) SPTPIT
CALL DECDECSPTPIT)
APTPIT=SPTPIT*DTR
GO TO <(387,73).,10LD
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C

C

CxxxxxRCQUIRE MISCELLANEOUS INFORMATION®**xxx
C

3av IRST=7?

287 WRITE(4,37)

-

cu

CENTRIPETAL ACCN. OF AIRCRAFT (IN G’'S).
WRITEC(4,38) GF
CALL DECDE(GF)

C TIME STEP (SECONDS)»
WRITEC(4,39) DT
CALL DECDE(DT)

C FREE STREARM MACH NUMBER.
WRITE(4,48) RHACHAE
CaLL DECDECRMACHE)

C
C NUMBER OF TIME INCREMENTS BEFURE PRINTING
£ (DURING BOMB-ALONE TRAJECTORY).
5
WRITEC4,42) NPRINT
CALL IDECDC(MNPRINT)
C
T TIME LIMIT FOR DROP (SECONDS).

URITE(4.,41) TLINIT
CALL DECDECTLINMIT?
GO TO (6666.73),I0LD

C

DEEZTEETE RS T

CRERREREEX %
CaexaxsxxxMODIFY EXISTING CONSTANTS BLOCK==x=» ;
3 |

{868 I0LD=2 i
CALL FSTATC(2,FILE., IPRES)
IFCIPRES .NE . 8) GO TO 72
WRITEC4, :BB7) H
GO TO 1899 :

72 CALL SEEK(2.FILE)
KEAD(2)T.IT,TS
CALL CLOSE(2)

CALL CTRLP

73 WRITEC4,1881)

KEAD(7.48B2) ANS
IFCANS .EQ . ANSNO) GO TO 5666
GO TO ¢11@8@,1181), IPRTD

1188 IPRTD=2
WRITE(4,1882)
1181 WRITE(4,1888)

READ(7.,1BB3) NSYS
IFCNSYS . LT. 1. OR.NSYS.GT . 6> GO TO {188
GO TO (382,385.,386.,387,389,318),NSYS
389 URITEC(4,1884)
READ(7,1BB3) NCH
[FCNCH . LE . B.0R NCH.GT . NMS) GO TO 73
WRITEC4, 1BB5)
‘D074 JJ=1,NCH
WRITE(4,1889)
READ(?7.,1883) L
74 CALL DECDECXMSC(L))

GO0 T0 73 ,I
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>
3i8

w

G2 (U0

5666

[y ol o’

(%]

[ o I ]

(9]

o

o~
©
=

(9

WRITE(4,1884)

READ(7.,1883) NCH

IFCNCH . LE.O.OR.NCH.GT .NMS) GO TO ?3
WRITE(4, 1886)

DO7S JJ=1,NCH

WRITE(4,1889)

READ(?7.1883)> L

CALL DECDECDNS(L))

GO TO 73

FIND EULER ROLL, PITCH & YAW.

ROLL=ROLLS*DTR
PITCHR=PITCHS*DTR
TPCH=TANCPITCHR)
YAUSR=YAWS=*DTR
TYU=TANCYAUSR
SRL=SINCROLL)
CRL=COS(ROLL)
TANTH=TPCH*CRL+TYWU=*SRL
PITCH=ATANCTANTH)
COSTH=COSC(PITCH>
TANB=( TYM=CRL-TPCH*SRL)®=COSTH
YAWU=ATAN( TANB)

CALCULATE FREE STREAWM VELOCITY

TEMP=14.99-8.8BHeS*HGHTA
VSOUND=SQRT (481 742«TENP+189889 .48)
VELINF=VYSOUND=RMACHE

CALCULATE AIRCRAFT ANGULAR RATES

ASSUMES AROLL=PI AND AYAU=8.

PA=08 .
GA=GF*GRAVAC/YEL INF
RA=8 .

CONYERT TO DEG/S FOR PRINTIMNG.

PAS=8.
QAS=QA=RTD
RAS=8.

FIND AREAS, MAX AREA.MAX DIAMETER

DHAX=8.

ANAX =8 .

DO78@ L=1.,NNS
ARSC(L)=PI4=xDNS(L )xs2
IFCDHS(L) . LE.DMAX) GO TO 7@8
DHAX=DHSC(L)

AMAX=ANS(L)

CONTINUE

[INITIALIZE DIRECTION COSINES OF BOMB V.R.T.

AIRCRAFT.
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SR=SINCROLL)
CR=COSC(ROLL)
SP=SIN(PITCH)
CP=COSC(PITCH)
SY=SINCYAMN)
CY=CoScYaw)
C1i=CP=*CY
C12=SR*SP*CY+CR=xSY
C13=~CRxSP*CY+SRx*»SY
C21=~CPsSY
£22=-SRxSPxSY+CRx*CY
C2I=CR*SP*SY+SR*CY
C31=SF

C32=-SR=*CP
C33=CR=CP

CALCULATE ANGULAR RATES OF BOMB (IN BOMB AXES) W.R.T FIXED
EARTH AXIS SYSTENM.

FIRST CALCULATE DELP, DELQ & DELR FROM PROJECTED
ROLL, PITCH AND YAW RATES.

RR=PS*DTR
PP=GS*DTR/COSCPITCHR)*=%x2
YY=RS*DTR/COS(YRAWSR )x*»2

DELP=C21*(C32*YY-C33*PP)>+RR=CP/CY
DELQ=C11*(C33*xPP-C32xYY)
DELR=C11%(C22*YY-C23*PP)

HOW ADD (C).CPAY, THE AIRCRAFT’S ANGULAR
RATES W.R.T. FIXED AXES, TRANSFORMED TO BOMB AXES.
(P> = (CHX(PA) + (DELP)

bosdt I1=1.3
SUHM=8.
pos@ld J=1.,3

8dn SUN=SUN+CC(1.J)ePAY¥(J)
881 PYCI)=SUM+DELPV(I)

[

oo

(3

INITIARL ANGULAR MOMENTUM OF BOMB <(KGM HW2/S)

HX=AXXxP
HY=AYY=*Qd
HZ=A2Z=*R

CALCULATE AIRCRAFT ACCELERATIONS (IN AIRCRAFT AXES).

GFG=GF*GRAVAC
AX=GFG*SINCATTACK)
AY=8.
R2=-GFG*COSC(ATTACK)

WRITE T BLOCK ON DISK.
CALL ENTER (2,FILE)

WRITEC2) T,IT,TS
CaLL CLOSE(2)

e
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£

c

c PRINT ALL CONSTANTS ON THE LINE PRINTER
[

c WRITE(9,6749)T

Ce749 FORMAT(1X1BG13.5)

C

WRITE(S,181) FILE
WRITE(9,4)
WRITE(9,5) AXX
WRITE(S,7) AYY
MRITE(9,8) AZ2Z
WRITE(9,9) STHASS
WRITE(9,18) XCG
WRITE(9,11) SCALE
WRITE(Y9,14)
WRITE(9,15) X
WRITE(9,16) ¥
WRITE(9,17) 2
WRITE(9,18)
WRITE(9,19) U
WRITEC(9,28) ¥
WRITE(9,21) U
WRITE(S,121)
WRITE(9,31)> ROLLS
WRITE(9,32) PITCHS
WRITE(9.,33) YAUS
WRITE(9.,22)
URITE(9,23) PS
WRITE(S,24) @S
WRITE(9,25) RS
WRITE(9,1B25) XMS

1825 FORMAT(/1X’HMEASURENMENT STATIONS ARE:’/1X12F18.4//)
WRITE(9,1826) DHS
iB26 FORMATC1IX'DIAMETERS AT THESE STATIONS ARE:’'/1X12F18.4//)

WRITE(9,26)
WRITE(S9,126) HGHTE
WRITE(9,27) ATTACS
WRITE(S,28) DIVES
WRITE(9,29)
WRITE(9,23) PAS
WRITE(92,24) @AS
WRITE(9,25) RAS
WRITE(9,38)
WRITE(S9,31) SPTROL
WRITE(9,32) SPTPIT
WRITE(9,37)
WRITE(S,38) GF
MRITE(9,39) OT
WRITE(2,4B)RHACHE
WRITE(9,42) NPRINT
URITEC(9,41) TLINIT
STOP

END




DECDE

POINT

VI EDEDCYCo

[y

188

1d1
182

3gaa

ROUTINES TO RCQUIRE A FLOARTING POINT OR FIXED

THE VALUE OF THE ARGUMENT IS NOT CHANGED AND AN IMMEDIATE
RETURN TO THE CALLING PROGRAM IS EFFECTED.

CALLED BY EDCON.
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DATE: 12-7-77

NUMBER FROM THE TELETYPE.
IF THE OPERATOR HAS TYPED A CARRIAGE RETURN ONLY,

SUBROUTINE DECDE (@A)
DIMENSION ASC(3)
DATA BLANKS/SH /

I=1
GO Y0 1@a

ENTRY IDECD (N)
[=2

READ(7.,1) ASC
IFCASC(1).EQ.BLANKS)> GO TO 388
GO TOC (181.182), 1
DECODEC(12,ASC., ) A
GO TO 388
DECODEC12,ASC.) N
FORMATC(3AS)

RETURN

END
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APPENDIX II

LISTING OF THE MAIN PROGRAM

L ]
C MAlN DATE: 8-~-7-77
¢
CexxxxPROGRAM MAIN C(WIND TUNNEL VERSION)
Cxxxx*xROUTINES REQUIRED. ..
TRANS, PARAB.ARCTAN, CPBIN,READIN, TRFREE, TRSET
FLOW.CALC.TR¥CTS,PROBE
CREF.,CINC,CORECT
INT, DAUX

e

(9]

Cx=xxxIST OF STOP LOCATIONS. ..
Cxxxxx] -PROBE, 2-REARDIN,3-,4-,5-PROBE, 6-READIN
Cxxxx%x?7-READIN.8-,9-,1B-CREF, 11 -PROBE.

o«

DIMENSION FILEC2), TFILE(2)
DIMENSION TMACHFC(2),PRATFLC(2),FILEMC(2)>,STORCX(2)
DIMENSION AMK82(2), AKAR( 2)
DIMENSION FYEC(6),FSV(3,6),TIMES(3),RBC(3.,6)
DIMENSION XFC(3),XN(3),DUNC3),ELA(I)
c
c
Ce*x*xSTORAGE FOR AREAS,DIAMETERS,DYNAMIC PRESSURE,MACH NUMBER,
CxsxxxYELOCITY U,V,W, NEARSUREMENT STATIONS (AT EACH M.S.,BOMB RXES)
DIMENSION AMSC12),DMS(12),QMSC12),RNSC(12),
1 UMSC12),VMSC12),UNSC12),XHSC12)

c
c
COMMON T(32B),IT(S).NF
c
C
Cxx>xxxTIMNE, INTEGRATION TIME STEP

EQUIVALENCE (TC2), TIME)Y,(T(3),DT) (RIRCRAFT
Cx*xxxDIRECTION COSINES DEFINING ORIENTATION OF BOMB WITH RESPECT TO

EQUIVALENCE (T(4),C11),(T¢5),C21)>,(TC6>,C31)

EQUIVALENCE (TC 7),C12),C¢T( 8),C22),(TC 9),032)

EQUIVALENCE (TC(1B),C13),(T(113,C23),(TC12),C33)
Cexx+«POSITION OF BOMB CENTRE OF GRAVITY IN AIRCRAFT AXES

EQUIVALENCE (TC(13),%X).,(TC14),¥>,(TC15),2)
Cx*xxxVELOCITY OF BOMB C.G. IN AIRCRAFT AXES.

EQUIVALENCE C(TC16),U),C(TC17),V¥),(TC18),¥)
CexxsxANGULAR MOMENTUM OF BOMB IN BOMB AXES

EQUIVALENCE (TC19), HX), (TC(2B),HY)>,(T(21),H2)
Cxss+*RATE OF CHANGE OF DIRECTION COSINES ABOVE

EQUIVALENCE (T(22),DC11),(T¢23>,DC21),(T(24),DC31)

EQUIVALENCE (T(25),DC12),(T¢26),DC22),(T(27)>,DC32)

EQUIVALENCE (T(28),DC13),(T(29),DC23),(T(38)>,DC33)
Cxsx2*RATE OF CHANGE OF X.Y.,Z,ABOVE

EQUIVALENCE (T(31),DX),(T(32),DY)>,(T¢33),D2)
CersxeRATE OF CHANGE OF U.V.¥ ABOVE

EQUIVALENCE (T(34),DU), (T(35),DV),(T(36),D¥)
Ces»+*RATE OF CHANGE OF MX,MY,HZ ABOVE

EQUIVALENCE (T(37),DHX),(T(38),DHY)>.(T(39),DH2)
CeexexT(4B) TO TC(?5) RESERVED FOR INTH.
CesxxsQAIRCRAFT ROTATION ANGLES W.R.T. EARTH AXES

EQUIYALENCE (T(?26),AROLL ). (T(?7), APITCH), (T(78), AYAW)
Cee>+xBONB MOMENTS OF INERTIA

EQUIVALENCE (T(?9),AXX),(T(8@),AYY), (T(81),A22)
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CxsxsxBOMB MASS (KGM SLUGS)
EQUIVALENCE (T(82),STHASS)
C*sxsxPROBE ROLL AND PITCH ANGLES W.R.T. TRAVERSE AXES
EQUIVALENCE (T(83),APTROL).CT(84),APTPIT)
Cssx*xTIME LIMIT FOR DROP.AIR TEMPERATURE (DEGC C).,
Css»3*BOMB C.GC. (METRES FRON TAIL),AIRCRAFT HEIGHT(METRES ),
CesxseBOMB SCALE (RS IN 1/SCALE).T(98) SPARE,.SPEED OF SOUND.
Cxsx2xQCCELERATION DUE TO GRAVITY.T(93) SPARE
EQUIYALENCE (T(8S), TLIMIT).(T(86), TENP)>,(T(87),XCG),
1 (T(88),HGHTB),(T(89),SCALE).,
2 (TC91),VSOUND)>,(T(92),GRAVYAC)
CeexsxTOTAL PITCH AND ROLL OF BOMB IN FLOWFIELD AT REFERENCE POINT.
EQUIVALENCE ¢(T(94), THETOT),(T(9S5)>,PHITOT)
CesxxxFREE STREAM MACH NUMBER.MAX BOMB AREA, MAX BOMB DIAMETER
EQUIVALENCE (T(26),RMACHB). . CT(97),ANAX ), (T(98),.DHAX)
CxxexxAIRCRAFT ANGLE OF ATTACK
EQUIVALENCE (T(99),ATTACK)
Ceses=xT(1HB) TO T(18B3) SPARE.
C
CeexsxFREE STREAM DYNAMIC PRESSURE
EQUIVALENCE (T(1B4),QDPB)
Ces»xxYIND FORCES ON BOMB IN AIRCRAFT AXES.
EQUIVALENCE (TCiBS),UX),(TC(1B6), Y ), (TC(187).,042)
Cs*xxxY [ND MOMENTS ON BONMB IN BOMB AXES. 3
EQUIVALENCE C(TCIH8), ML), C(TC1B9)Y,. M), CTC118), UN)
CxxxxxAIRCRAFT ROLL,PITCH. YAV RATE ABOUT AIRCRAFT AXES
EQUIVALENCE (TC(111),PAR),(TC1123,QAR),(TC113),RA)
Csxx2x FREE = -{. (+1.) IF BONB-ALONE TRAJECTORY
c IS NOT C(IS) OPERATING.
EQUIVALENCE (T(114),.FREE)
CsxxxxALPHA AND BETA OF BOMB USED FOR CALCULATING COEFFICTENTS
EQUIVALENCE (T(115),ALPHA), . (T(116),BETA)
Cre22xQ [RCRAFT ACCELERATIONS IN AIRCRAFT AXES.
EQUIVALENCE (T(117)>.4X)>,(TC118),RY),(TC119).a42)
Cx+xsxFORCES ON BOMB C.G. IN AIRCRAFT AXES.
EQUIVALENCE (T(128),.FX,FYEC), (T(128)>,FY>,(TC122),F2)
Cxxs=xMOMENTS ON BOMB ABOUT BOMB X.Y.,2 AXES
EQUIVALENCE (T(123)Y,FLY,(TC124),FM),(TC125),FN)
CexxxxROTATION ANGLES DEFINING ORIENTATION OF BOMB W.R.T.AIRCRAFT.
EQUIVALENCE (T(126),ROLL), (TC12?2),PITCH)Y,(TC128).,YAV)
CxxxxxROLL.PITCH, YAV RATES OF BOMB ABOUT BOMB X.Y.,2 ARXES
EQUIVALENCE (T(12%9),P)3, (TC138)>,@),(T(131),R)>
Cx*x2=x2PRESSURE AT HEIGHT.DYNAMIC PRESSURE AT HEIGHT.
EQUIVALENCE (T(132).PRESS),(T(133).,@DPALT)
Cx*»xxDEGREES TO RADIANS.RADIARNS TO DEGREES
EQUIVALENCE (TC(134),DTR),(T(135),RTD) i
C*xx=xxVELOCITY OF AIR AT -INFINITY-
EQUIVALENCE (T(136),YELINF)
C*x+2*2xA[RCRAFT SELF-ROTATION-RATE MATRIX.
EQUIVALENCE (T(137)>,AR11),(TC(138),AR21)>,(T(139),AR3})
EQUIVALENCE (T(148),AR12),(T(141),AR22),(TC(142),AR32)
EQUIVALENCE (T(143),AR13),(TC(144),AR23)>,(T(145),AR3II)
C*+22xBOMB SELF-ROTATION-RATE MATRIX.
EQUIVALENCE (T(146)>,BR11),(TC147),BR21),(T(148),BR3L)
EQUIVALENCE (T¢(149),BR12),(TC(15B),BR22)>,(T(1S1),BR32)
EQUIVALENCE (T(152),BR13),(TC(153),BR23).(TC(154),BR33)
CeanseT({55) TO T(168> SPARE.

T et
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Co**»s=GRAVITY FORCE IN ARIRCRAFT AXES.
EQUIVALENCE (T(161),GX)>,(T(162)>,6Y)>,(T(163),G2)
Ce*=2+x0RIGINAL DIVE ANGLE OF AIRCRAFT.
EQUIVALENCE (T(1e4).DIVER)
C*xxx*x%P[, TYOPI,CONYERSION FROM METRES TO INCHES
EQUIVALENCE (T(16S)>,PI)>,(T(166),THWOPI ), (TC167),CHI1)
C CENTRIPETAL ACCELERATION OF AIRCRAFT (IN G’'S).
EQUIVALENCE (T(168)>.GF)
CexxxxAT ALL MEASUREMENT STATIONS. . . AREAS.DIAMETERS,DYNANIC PRESSURE,
CrexxxMACH NUMBER.U.Y.W C(VUIND VELOCITY COMPONENTS.BOMB AXES).,
CrsxxxAND MEASUREMENT STATIONS (C.G.=B,NOSE +VE,I .E. ,BOMB AXES)
EQUIVALENCE (TC(169),ANS)>,(T(181),DNS)>,(TC(193)>,QMS),
1 (TC2BS)>.RMS)>,(TC217), UNS)>,(T(229),¥YMS),(T(241),0UHS).,
2 (T(253),XHS)
CexxxxFREE STREAM AERODYMAMIC COEFFS BOMB AXES
EQUIVALENCE (T(2653>,CX),(T(266),CY)»,(T(267).C2),
I (T(268>,CLY, (T(269),CH)>,(T(278),CN)
Cxxxxx [NCREMENTS TO COEFFS DUE TO NON-UNIFORM FLOW
EQUIVALENCE (T(271)>,DCX)>,(T(2?2),DCY)>,(T(2?23),DC2Z).,
1 (T(274),DCL)>,(TC2?5),DCH), (T(276),DCN)
C*+x*xxPROBE PRESSURE MEARSUREMENTS
EQUIVALENCE (T(277),DP13),(T(278).DP24),
I (T(279).PHAN)> . (T(288).PPIT)>,(T(281)>, TPRESS)
c AREA TO SAYE COEFFICIENTS AT PREVIOUS 2 TRAJ. PDINTS
EQUIVYALENCE (T(282),FSVY)>,(T(38B), TIMES>,(T(383),ABC)
C
[
CexsxsxNO OF MEASUREMENT STATIONS,REF POINT,INTEGRATION LINMITS.
EQUIVALENCE (ITCL),NMS),C(ITC(2),NREF).CITC(3),NBACK)
EQUIVALENCE (ITC4),NFRONT),CIT(S),NPRINT)

c
EQUIVALENCE (XF(2),YF), (XF(3).,2F)
EQUIVALENCE C(XNC1)Y,XN1),(XNC2), YN), . (XNC3),.2ZH)
C
DATA TFILE/SHTFILE, 4H2CTS/ , ANSYES/SHY /
£
Cxxxxx| ABELS FOR YAWMETER PROBE FILES
C
DATA THMACHF/SHTHMACH,4HTPRB/
DATA PRATFL/SHPRATI ,4HOPRB/
DATA FILEMC/SHMACHC ,4HXPRB/
&
Cexssx| ABELS FOR STORE COEFFICIENT FILES
c
DATA AMKS82/SHMKSB82C ., 4HXSTC/
DATA AKAR/SHKARCX, 4HSSTC/
C
DATA ANSH/SHHN /7, ANSK/SHK /
(
TANCX)=SINC(X)/COS(X)
c
INPACT =1
C
c SET UP FOR INTERRUPTS FROM TRAVERSE RIG
c READ BUTTON
[

CALL TRSET C(IFREE)
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SET UP THE PROBE FILES FOR DIRECT ACCESS 1/0

CALL DEFINE(14,8,1958, TMACHF,IV1,8.8.8)
WAS 2815=65X31; NOW 65X38 (PITCH=38 RBSENT)

CALL DEFINE(3.8,338.PRATFL.IV2,8,8.8)
UAS 341=31X11; NOW 3BX1i (PITCH=3RB ABSENT)

CALL DEFINE(12,1B.18491,FILENC.IV3.8.8.8)

WRITE(4,6783)
FORMAT(//7/71X'CAPTIVYE TRAJECTORY YAUMETER SYSTEN'/)
WRITE(4,6784)

FORMAT(/1X’HEW TRAJ? (Y OR N)’)
READ(7.6795) ANS

FORMATC(AL)

IFCANS . £EQ .ANSYES) GO TO 8888
CALL SEEK(2,.TFILE)

READ(2)T, IT,STORCX ., INDST, NF
CALL CLOSE(2)

GO TO 849¢

WRITEC(4,6681)

FORMATC/1X’°HK82 (M) OR KARINGAR (K)>?’)
READ(7.,6795) ANS

IF (ANS.NE.ANSH) GO TO 6682
STORCX(1)=ANK82(1)
STORCX(2)=3AMK82(2)

GO TO 8889

IF (ANS.NE.ANSK) GO TO 8888
STORCX(1!)>=AKAR(L)
STORCX(2)=AKAR(2)

WRITE(4,679%6 )

FORMAT(/1X’ENTER FILE NAME')
READ(?7.,6794) FILE

FORMATC(AS,A4)

CALL FSTAT(2,FILE, IPRES)
IFCIPRES . NE . B> GO TO 6786
WRITE(4,6785)

FORMATC(/1X’FILE NOT PRESENT - TRY AGRIN!')
GO TO 6782

CALL SEEK(2.FILE)

READ(2)T., 1T

CALL CLOSE(2)

INDST=1

FREE=-1.

CatL oaAUX
GFG=GF*GRAVAC

C*x=x2exSTART THE FLIGHTs

[ o 7N N ]

DIVE=DIVEB-GFGeTINE/VELINF

AIRCRAFT ORIENTATION W.R.T. EARTH AXES.

WSRL-0005-TR

™
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[
AROLL=PI
; APITCH=-(DIVE-ATTACK)
g [
3 C NOTE: APITCH IS AN EULER ANGLE, VHERE ME HAVE
c ROLLED THROUGH PI. HENCE, THE ABOVE
[ FORMULA IS CORRECT EVEN THOUGH IT LOOKS
c AS THOUGH IT SHOULD HAVE A MINUS THROUGH IT!
[
AYAVW=E .
C
IF (FREE.GT .@.) GO TO ¢
IF (ABS(GF) . GT.1 E-6) GO TO 941
SY=VELINF=TINE
VGT=8.
GO TO 942
941 VG=2 =«YELINF/GFG
VGT=TINE/ VG
SV=VYGsVEL INF*SIN(YGT)
942 HEIGHT=HGCHTB-SVY=SIN(DIVEB-VGT)
IF CIFREE.EQ.B8) GO T0 S
CALL TRFREE (STORCX.HEIGHT)
INDST=1
IPRINT=NPRINT-1{
3 4 HEIGHT=2

Coaxxx2CALCULATE QUANTITIES DEPENDING ON HEIGHT OF AIRCRAFT (METRES).
Ces2ssSTATIC PRESSURE (NEUTONS/SQ N)
: 5 PRESS=18335 11+*CRAVAC*(] -8 .BBAB22SS9+HEICGHT )s+5 256183
Cxss=xTEMPERATURE (DEG C)
TEMP=14 99-8 BHE6SsHEIGHT
Ce»eusVELOCITY OF SOUND (METRES/SEC)
VSOUND=SQRT(481.742«TENP+189889 .48)
[
IF (FREE.GT .8.) RMACHB=SQRT(U=*e2+Ve22+i*22)/VSOUMND
CeraxeVELOCITY AT INFINITY (NM/S)
VELINF=VSOUNO=RNACHE
C*2sxxDYNAMIC PRESSURE (NEUTONS/SQ N)
AQDPALT=8 . S=1 4*PRESSsRMACHB*=2
QARALT=ADPALT=ANAX

QAD=QAALT*DMAX
CexxxxF[ND AIRCRAFT QUANTITIES IN AIRCRAFT AXES.
c
c
DUMC1)=8.
DUMC2)=8.
c

IF (FREE.GT.2.) GO 70 18

C

Cr**xsFIND GRAVITY IN AIRCRAFT AXES.

Ces»«x=GRAVITY FORCE ON BOMB IN EARTH AXES =(H.,8,G2E)
GZE=~-STHASS*GRAVAC
DUM(3)=G2E

Cex*2xF[ND GRAVITY FORCE ON BOMB IN AIRCRAFT AXES FROM EARTH AXES
CALL TRANS (GX.,AROLL.APITCH,AYRY, +1,DUN)
GO T0 it
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c
CssxssFIND VWIND FORCES IN A.RCRAFT,MOMENTS IN BOMB AXES. 4
c
18 IPRINT=IPRINT+}
c
C CONVERT YELOCITIES FROM EARTH AXES TO BOMB AXES.
c BOMB-ALONE TRAJECTORY
CALL CTRANS (DUNM.+1,U)
UMS(NREF )=-DUNC(1)
VYMSCNREF >=-DUN(2)
UNMS(NREF >=-DUM(3)
VELREF=VELINF
RMSREF=RNACHE
RHSCNREF )=RNACHE
VBETA=VYMS(NREF)/UNSC(NREF)
VALPHA=UMS(NREF)/UMS(NREF)
THETOT=ATANC(SQRT(VYBETA**2+UALPHA®**2))
PHITOT=ARCTANCYBETA,UALPHA)
RATIO=1.
CALL CREF
UXB=CX*QAALT
UYB=CYSQRAALT
W2B8=C2*QAALT
WL=CL*QAD
WM=CH*QAD
UN=CN*QARD
GO TO 12
c
CesxsssFIRST FIND FLOV PROPERTIES ALONG BOMB IN BOMB AXES
i1 CALL FLOW
c
c CALCULATE EFFECTIVE INCIDENCE (ALPHA) AND
c EFFECTIVYE SIDESLIP (BETA) FROM FIN CAMBER
c AND REFERENCE POINT INCIDENCE AND SIDESLIP.
c
CALL CORECT(BETA.VYMS)
CALL CORECTC(ALPHA,WNS)
c

CeessesFIND TOTAL PITCH AND TOTAL ROLL OF BOMB W .R.T. TOTAL AXES AT
C REFERENCE POINT.
Cexxxx(TOTAL ROLL (PHITOT) IS ANGLE THAT BOMB +2Z AXIS
Cxxssx]S ROTATED FROM TOTAL AXIS +2)
VYBETA=TAN(BETA)
UALPHA=TANCALPHA)
c
CxxnesFIND TOTAL PITCH ANGLE
THETOT=ATAN(SQRT(VBETA**2+UALPHAR®*22))
Ce=ssssFIND ROLL ANGLE
PHITOT=ARCTANCVBETA,VALPHR)
CexsssFIND FORCE AND MOMENTY COEFFS DUE TO UNIFORM FLOV EQUAL
Cse=2esT0 FLOV AT REFERENCE POINT IN BOMB AXES
VELREF=SQRT(UMSCNREF)*=2+VHS( NREF Y**2+UMS(NREF )*=2)
RMSREF=RMSCNREF)
CALL DEFINE(13,29,1664,STORCX.IV4.,8.08.08)
CALL CREF
CALL CLOSEC13)
CeexesADJUST TABULATED COEFFS TO CALCULATED COEFFS BY BASING ON
CexssxSAME DYNAMIC PRESSURE
RATIO=QMS(NREF)/QDPB

, i
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¢
Cessso«FIND INCREMENTS TO ABOVE DUE TO FLOW VARIATIONS ALONG BOWB
CALL CINC
Crs*xxsFIND FORCES AND MOMENTS FROM COEFFS AND @ AT ALTITUDE OF FLIGHT
: QAD=QAALT+DMAX
WXB=CX#RATIO*QAALT
UYB=(CY*RATIO+DCY)*QAALT
VZB=(C2+RATIO+DCZ)*QAALT
UL=CL*RATIO*QAD
WM=(CH*RATIO+DCH)*QAD
WH=CCHN*RATIO+DCN)*QAD
Coss*sEXPRESS FORCES IN AIRCRAFT AXES FRON BONB AXES
12 CALL CTRANS (WX, -1,U¥XB)
Cesss»3UPDATE BOMB ORIENTATION IN PROJECTED YAW,PITCH PLANE OF AIRCRAFT
ROLL=ARCTAN (-C32,C33)
PITCH=ATANC-C13/C11)
YAW=ATANCC12/C11)
c
C FIND PROJECTED ROLL., PITCH & YAW RATES.
: c
ROLLD=(DC33#C32-DC32¢C33)/(C32022+4C33¢22)
PITCHD=(DC11#C13-DC13+C11)/(C11#2+C13522)
YAUD= (DC12+C11-DC11%C12)/C(C11#%2+C124%2)
¢
Csss»%ADD THE FORCES AND MOMENTS TOGETHERe
FX=UX+CX
FY=UY+QY
FZ=W2+G2
FL=WL
FN=WN
FN=UN

TIMES(3)>=TIKES(2)
TIKES(2)=TIMES(1)
TIMESC1)=TINE
D068 L=1.6

SAVE COEFFICIENTS AT PREVIOUS 2 POINTS.

OO0

FSY(3,L)=FSV(2,L)

FSY(2,LY=FS¥C({,L)

} FSY(1,L)=FYEC(L)
IFCINDST . GT.2) GO TO 67
ABC(1,L)=FYECCL)
ABC(2,L)=8.

ABC(3,L)>=0.
GO TO 68

67 CALL PARAB (ABCC1,L) TIMES.FSV(1.,L))

68 CONTINUE
INDST=1NDST+1
CALL DAUX
ROLDEG=ROLL*RTD
PITDEG=PITCH*RTD
YAVDEG=YAVERTD
PDEG=ROLLO*RTD
QDEG=PITCHD*RTD
RDEG=YAUDSRTD

SR T y—
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IF (FREE .GT.@. AND IPRINT.NE . NPRINT) GO TO 5431
IPRINT=8

IF (FREE.GT .8.) GO T0 69

CONVERT U,V,V¥ INTO PHYSICAL VELOCITIES OF BOMB
RELATIVE TO AIRCRAFT AXES., BY ADDING C(AROT).(X)

UPR=U+RA=Y-QA%2
VPR=V+PA%2-RA*YX
WPR=U+QAsX-PAeY
GO TO 5432

UPR=U
YPR=VY
WPR=V

WRITEC9,6981)> TIME.X,Y,2Z ,ROLDEG,PITDEG., YAUDEG,
1 UPR,VPR,WPR,PDEG, QDEG, RDEG
WRITE(9,6973)FX,FY.FZ,FL.FN,FN
THETOD=THETOT=*RTD

PHITOD=PHITOT*RTD
WRITE(9,687?3)THETOD,PHITOD,YELREF,RMSREF.RATIO

GO TO (S5S431.6987), INPACT

FORMAT(SX'THETOT.PHITOT, VELREF,RMSREF,RATIO: *,26G15.5,3G13.6

1t 72720

FORMAT(SX'FX,FY.FZ.FL.FH,FN: ',6615.6)

FORMAT(IX'TIME . X,Y,2’.F8 4,3X,3G14.5,1BX’ROLL.PITCH.YAW’,
1 3G14.5/6X'U.V, ¥, 11X,3614.5,4%X'RATES:ROLL.PITCH.YAN',

2 3G14.5/7)

Crxx2ex INTEGRARTE ONE TINE STEP»

5431

c

c

CALL INTH

CALL ENTER(2,TFILE)

WRITE(2) T,IT.STORCX, INDST,NF
CALL CLOSEC(2)

IF (FREE . GT.8. AND.2.LT.B.)> GO TO 16

Cx+xexSEE IF REACHED TIME LINIT FOR DROPs

IF (TIME.LT . TLIMIT) GO TO 3

Cr2ssxFINISHED FLIGHT

C

6985

16
6984

6987

WRITE(9,6985)

FORMAT(/IX’TINE LINIT EXCEEDED’)

GO TO 6987

WRITE(9,69084)

FORMAT(/1X'STORE HAS STRUCK GROUND//’)
IMPACT=2

GO TO 5438

CALL CLOSEC(3)
CALL CLOSEC12)
CALL CLOSEC(13)
CALL CLOSEC(14)
sTOP

END
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APPENDIX III

LISTINGS OF TRSET AND TRFREE

/TRSET DATE: 16-6-77

)
¢

/ROUTINE TO SET UP THE SKIP CHAIN FOR INTERRUPTS
/FROM THE TRAVERSE RIG READ BUTTON. AND ALSO TO
/SERVICE THAT INTERRUPT.

"I

TRSF=785881
/

.GLOBL TRSET, .Da
/

JCALLING SEQUENCE: CALL TRSET (IFREE)
7

)
¢

TRSET XX
JHS* DA
JHP . +2
IFREE a
CaL
16
TRSF
TRBINT
DZM* IFREE
JMPx TRSET

."
’
’

/INTERRUPT SERVICE ROUTINE

TRBINT DAC ACSVE®
LAC* (8
DAC PCSVES
raseaz /CLEAR THE FLAG.
[S2« IFREE
LAC ACSVE
[ON
JNP® PCSVE
.END
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TRFREE DATE: 12-7-77

ROUTINE TO CHANGE FROM AN AIRCRAFT-ORIENTED TO AN
EARTH-AXIS-ORIENTED TRAJECTORY.

OPERATES AT THE POINT WHERE THE STORE IS CONSIDERED TO MOVE
FROM A TRAJECTORY WHICH IS INFLUENCED BY THE PRESENCE OF
THE AIRCRAFT TO A UNIFORM-FLOW TRAJECTORY.

OO0 00

SUBROUTINE TRFREE (STORCX,HEIGHT)

()

DIMENSION XTY¥(3),X¥(3),UV¥(3),C(3,3),B(3.,3)

(]

COMMON T(328),IT(S)

ELAPSED TIME

L I I ]

] EQUIVALENCE (T¢(2),TINE)

TIME STEP

(o o I ]

EQUIVALENCE (T(3),DTINME)

ORIENTRTION MATRIX (BOMB WM.R.T. AIRCRAFT)

OO

EQUIVALENCE (T(4),C)

POSITION OF BOMB C.G. W.R.T. AIRCRAFT C.G.

Ly B ]

EQUIVALENCE (TC(13), X, XV)>,(T(14),Y),(T(15),2)

YELOCITY OF BOMB C.G. W.R.T. AIRCRAFT C.G.

OO0

EQUIVALENCE (TC(16),U,U¥)>,(T(17),¥),(TC(18),W)

(]

ATTITUDE OF AIRCRAFT W.R.T. EARTH AXES (EULER ANGLES)

oo

EQUIVALENCE (T(?6),AROLL)Y, (T(?7?2), APITCH),(T(78),AYANW)

(y]

o

BONB MASS (KGM)

o

EQUIVALENCE (T(82),STHASS)

GRAVITATIONAL ACCELERATION

OO0

EQUIVYALENCE (T(92),GRAYAC)
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FREE STREAM MACH NUMBER

(o W o N o

EQUIVALENCE (T(96),RMACHE)
UNIFORM TRAJECTORY INDICATOR
=-1 BEFORE & =+1 AFTER TRANSITION TO BOMB-ALONE TRAJECTORY.

OO0

EQUIVALENCE (T(114),FREE)

FREE STREAM VELOCITY

OO0

EQUIVALENCE (T(136).VELINF)

GRAVITY FORCES

e N el v

EQUIVALENCE (T(161).6X)>,(T(162),6Y),(TC163),62)

ORIGINAL DIYE ANGLE OF AIRCRAFT

OO0

EQUIVALENCE (T(164),DIVER)

CENTRIPETAL ACCELERATION OF AIRCRAFT (IN G’S)

OO0

EQUIVALENCE (T(168),GF)

o0

EQUIVALENCE (XTV(1),XT), (XTVC(2),YT)H, (XTV(3),2T)

SET FREE T0 +1.

o000

FREE=1 .

ADJUST X AND U SO THAT THEY NOW REFER TO EARTH AXES,
VITH ORIGIN AT GROUND LEVEL BELOVW AIRCRAFT C.G. AT TIME OF
RELEASE (TIME=8).

OO0 00

AT YT

IF (ABS(GF) . GT.1 .E-6) GO TO 1
SY=VELINFsTINE
¥GT=8.
GO 10 2
i ¥G=2 . *VELINF/(GFsGRAVAC)
YGT=TINE/VG
SV=VGsVELINFsSINCYGT)
2 DD=DIVEB-VGT
DIVE=DD-VGT
CALL TRANS (XTV,AROLL.,APITCH,AYAW,-1,XV)

—————————————
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X=XT+SVY=C0SCDD)

Y=YT

Z=2T+HEIGHT

CALL TRANS (XTV,AROLL.APITCH,AYAN,-1,U¥)
U=XT+VELINF=COS(DIVE)

V=T

U=ZT-VELINF*SINCDIVE)

REPLACE (C)> WITH (C).(CA)Y, SO THAT BONB
ORIENTATION IS NOW REFERRED TO ERRTH AXES.

NOTE

C.CA = (CR’.C")’

CAN TREAT C’ AS 3 COLUMN VECTORS AND USE

SUBROUTINE TRANS C(DON’T USE CTRANS).

0031 I=1.3

0031 4=t.3

BC(I.,J)=C(J, 1)

D03 J=1.,3

CALL TRANS (XTV,AROLL.APITCH,AYAW,-1,B(1,4))
D03 I=1.3

CCd, I)=XTV¥CI)

SET UP THE NEW DERIVATIVES

CLOSE

CaLL DAUX
OFF THE 3 PROBE CALIBRATION FILES
CAaLL CLOSE (3>

CALL CLOSE (12>
CALL CLOSE (14)

DEFINE THE STORE COEFFICIENTS FILE

CALL DEFINE (13,29,1664,STORCX,IVv4,8.8.8)

SET THE GRAYITY FORCES TO EARTH AXES (CONSTANT)

GX=8.
Gy=8.
GZ2=-STMASS*GRAVAC

WRITE(9,45)
FORMAT(///1%X’ *=BOMB-ALONE TRAJECTORY BEGINS**s*xssx=xx

1EARTH AXES FROM THIS POINT**xsss 2522k’ //)

RETURN
ENO
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APPENDIX IV

LISTINGS OF ARCTAN, TRANS, CTRANS AND PARAB

C ARCTAN DATE: 15-6-76
c

FUNCTION ARCTANCY.X)

C FINDS ANGLE WHOSE TANGENT IS Y/X, IN RANGE 8 TO TWO PI.
c
c CALLED BY MAIN.
COMMON T(328),ITC(S)
EQUIVALENCE (T(16S5),PI1),(T(166)>,THOPI)
c

ARCTAN=ARTANCY/ABS( X))

IF (X.LY.B.) ARCTAN=PI-ARCTAN

IF CARCTAN.LT . B.) ARCTAN=RRCTAN+TMOPI
RETURN

END




c
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TRANS DATE: 4-8-7¢

SUBROUTINE TRANS (XT.ROLL.PITCH,YAM, INV.X?
CALLED BY MAIN.CALC.CREF.FLOV.

EULER ANGLES (ROLL,PITCH,YAW) REFER TO NEW AXES W.R.T. OLD AXES.
CXT.YT.2TH)>=HATRIX C(EULER ANGLES)*(X,Y,2) IF INV=+1

(XT,¥T,2T>= INVERSE MATRIX (EULER ANGLES)*(X,Y,2) IF INV=-{

MATRIX ELEMENT AIJ=COSINE OF ANGLE BETWEEN NEW I AXIS AND OLD J AXIS.
1,4=1,2,3=X.,Y.2.

DO NOT ALLOW XT,YT,2T TO BE THE SAME LOCATIONS IN CALLING ROUTINE

AS X, Y,Z2,0R IT WILL NOT WORK

DIMENSION C(3.3>,A(3,3),%X(3),XT(3)

COMMON T(328B).IT(S)

EQUIVALENCE (T(4),C)

EQUIVALENCE C(ACt,1),A11),C(AC1.,2),R12),CARCL,3),A13)
EQUIVALENCE (AR(2,1),A21)3,(A€2.2),R22),(AC2,3),A23)
EQUIVALENCE (AC(3,1),A31),(AC3,2),A32),(R(3,3),R33)

SR=SINCROLL) i
CR=COSCROLL)
SP=SINCPITCH)
CP=COSCPITCH)
SY=SINCYAU) i
CY=COSCYAN) l

Al1L1=CP=CY |
A12=SR*SPaCY+CRxSY

A13=-CRxSP*CY+SRaSY 4
A21=-CPxSY ‘
A22=-SReSPxSY+CR=CY
A23=CR*SPsSY+SRelY
a3i=5p

A32=-SRelP
433=CR*CP

GO TO 2

S ety

ENTRY POINT FOR CTRANS.

ENTRY CTRANS (XT,IHV,X)
pot I=1,3

pot Jd=1,3

ACl,Jd)=CCI, )

posS I1=1,3

SUM=8.

o4 J=1,3

IF CINV.LT.B) GO TO 3
SUN=SUN+ACL . J)*X(J)
GO TO 4
SUM=SUN+ACJ, T eX(J)
CONTINUE

XTCI)=SUN

RETURN

END
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C
c

(o I o' ]

(g

PARAB DATE: 4-8-76

SUBROUTINE PARAB (ABC.X.F)

FITS PARABOLA F(X)=A+Bs(X-XA)+Cx(X-XA)**2 TO DATA.

DIMENSION ABC(3)>,X(3).F(3)

DX2=X(2)-X(1)

DX3=X(3)-X(1)

ABCC(1)=FC(1)

FXa=(F(3)>-F(1))/DX3
ABC(3)=((F(2)~-F(1))/DX2-FXA)/(DX2-DX3)}
ABC(2)=FXA-ABC(3)*DX3

RETURN

ENOD
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3 APPENDIX V

LISTINGS OF FLOW, CALC, TRAV, TRWAIT, ADRD, PROBE AND READIN

FLOW DATE: 5-8-76

SUBROUTINE FLOW

CALLS CALC, TRVUAIT,ADRD,PROBE., TRANS,CTRANS .
CALLED BY MAIN.

o000

Ce+++xFINDS FLOW PROPERTIES ALL ALONG BOMB IN BOMB AXES

CxxxsxAND STORES PROPERTIES IN ANS,....WHS.

c
DIMENSION @MS(12),RMS(12),UNMS(12),VHS(12),UMS(12),XNS(12),PRESS(S)
DIMENSION UPYEC(3),UT(3>,UAC3),UVEC(3)
COMMON T(32B),IT(S®, NF
EQUIVALENCE (T(9%6), RMACHB)Y, (T(99),ATTACK), (T(1B4), QOPB)
EQUIVALENCE (T(83),APTROL),(T(84),APTPIT)
EQUIVALENCE (T(91),VYSOUND)
EQUIVALENCE (T(i165>, PI)
EQUIVALENCE (TC(193),QMS),(T(285),RHS), (TC(217),UNS)
EQUIVALENCE (T7(229),VHS),(TC241),UNS),(T(253),XNUS)
EQUIVALENCE (T(277).,DP13.PRESS?,(T(2783.,DP24),
1 CTC279)>.PRAN), (T(288B).PPIT).(T(281), TPRESS)

c
EQUIVALENCE (ITC(1), NNS)
c
EQUIVALENCE C(UPYECC1),UP), CUPVEC(2),VP),(UPYEC(3),WP)
EQUIVALENCE (UT,UVEC),(UPVEC,UR)
c
DATA TPSTP/1i6.3497/,TPZERO/1676./,TPRAT/345.325?/
c

CeexsxSTATEMENT FUNCTION FOR TANGENT
TANCX)=SIN(RX}/COS(X)

DYNAMIC PRESSURE., 1/2 RHO V¥ SQUARED., IS GIVEN BY:
aDPB= (GAMMA/2) (RMACHB=*%2) PSTATH
WHERE PSTATHE= TPRESS/C(1+(GAMMA-1)/2RHACHB**2)*s+x(CANMA/(GANNA-1))
QFACT=QOPB/TPRESS

Lo 3 o B o N o o B ]

QFACT=B.7*RMACHB**2/(1 . +8.2+*RMACHE**2)*%3 .5

(g}

; IFCNF.EQ.NHS) GO TO 1
' NS=1

NF=NHMS

I=NS

INC=1

GO TO 2

NS=NNHS

NF=1

[=NS

INC=-1

CexxsxFOR EACH POINT ALONG BOMSB

e

T S ——
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CxssssNEX: POINT IS I+INC, UNLESS POINT IS LAST POINT
2 NEXT=I+INC
CeesssIF POINT IS LAST POINT., NEXT POINT IS 1, WHICH WILL BE
Cee2sxCLOSE TO FIRST POINT AFTER NEXT INTEGRATION STEP
Ceesxs]S IT THE FIRST POINT?
IFCI.NE.NS) GO TO 34
CeessxCALCULATE 1ST POINT IN BOMB ARES (METRES) IN TRAVERSE AXES
CeesxxIN INCHES, AND START PROBE MOVING.
CALL CALC (NS)
CeaxsxUAIT *TIL PROBE REACHED THIS POINT., AND SETTLED
CxxxxxDO0UN SUFFICIENTLY TO TAKE PRESSURE MEASUREMENTS
3a CALL TRUAIT
CesssxUHEN READY, TAKE PRESSURE MEASUREMENTS
CALL ADRD (PMAN.PPIT,.DP13,DP24, TPRESS)
TPRESS=(TPRESS-TPZERO)/TPSTP
D084 K=1.,5
84 PRESS(K)=PRESS(K)*TPRAT
@DPB=TPRESS*QFACT

c
IFCI.EQ.NF) GO TO &7

CesexsxCALCULATE NEXT POINT IN TRAVERSE RXES (AS BEFORE),

c AND START PROBE MOVING.

CALL CALC (NEXT)

CeexsxCALCULATE FLOW PROPERTIES FROM PRESSURE MEASUREMENTS

67 CALL PROBE (DOWNP,SIDEP,RMSCI),QNSCI))

CeexxxFIND ACTUAL FLOW VELOCITY COHPONENTS IN PROBE AXES (M/SEC)
VEL=VSOUND*RMS(I)»*SQRT( (1. +.2*RMACHE*»*2)/(1 .+ 2%RNS(I)*22))
UP=-VEL/SQRT(1 . +TANCDOWUNP ) )>**2+TANCSIDEP )*»2)
YP=UP*TAN(SIDEP}

WP=UP*TAN(DOUNP)

Cees2xFIND VELOCITY IN TUNNEL AXES FROM PROBE AXES
CALL TRANS (UT,APTROL.APTPIT,B.,-1, UPVEC)

CeexsxFIND YELOCITY IN PLANE AXES FROM TUNNEL AXES
CALL TRANS (UA.PI,ATTACK.B.,+1, UT)

CssxxxFIND YELOCITY IN BOMB AXES FROM PLANE AXES
CALL CTRANS (UVEC.+1,UA)

UNSCI)=UVECC(1)
¥YMS(I)>=UVYEC(2)
WUNS(I)=UYEC(3)

Ceex2xCONTINUE FOR ALL MEASUREMENT STATIONS
IFCI EQ@.NF) RETURN
I=I+INC
GO0 TOo 2 ;
END




- 63 - WSRL-0005-TR

C CALC DATE: 4-8-76
c
SUBROUTINE CALC <(J)
C*a»3xCONVERTS POINT (XB.,YB.2B) IN BOMB AXES (METRES) TO
CeesaPOINT (XT,YT.2T) IN TRAVERSE AXES (INCHES)
c
c CALLS CTRANS., TRANS.
c CALLED BY FLOW.
c

DIMENSION XTC(3),XMSC12),XAR(3),XI1(3)

COMMON T(32B),IT(S)

EQUIYALENCE (TU13),X)>,(TC14),¥),(TC(15),2)
EQUIYALENCE (T(89),SCALE),(T(99),ATTACK)
EQUIVALENCE (T(165>, PI), (T(167), CHI)>
EQUIVYALENCE (T(253),XMS)

EQUIVYALENCE (XT.XI1)

EQUIVALENCE (XAC1),XR1),(XAC2),YAR),(XAR(3),2R)

XIC1)=XMSCJ)
XI1¢2)=8.
X1(3)=8.
CesxaxTRANSFORM FROM BOMB METRES TO PLANE METRES.
CALL CTRAKRS (XA.-1.,X1)
CeeesxTHEN CONVERT TO INCHES AND SCALE DOWN TO WODEL SIZE.
R=CHI/SCALE
XAl=(XAL+X)*R
YA=CYA+Y )*R
ZR=(CZA+Z I &R
Cexx#xTHEN TRANSFORM TO TRAVYERSE AXES.
CALL TRANS (XT, PI,ATTACK.B..,-1, XA)
CALL TRAY (XT) i
RETURN 13
END

/TRYCTS DATE: 8-3-77

/JPOSITION (X,Y,Z2) IN THE MINIMUN TIME.
/CALLING SEQUENCE:
7 FORTRAN: CALL TRAV (X)

/ROUTINE TO MOVE THE TRAVERSE RIG TO A &

MACRO: JMS* TRAV
JHP . +2
488888 +X

e T w

’

}ﬂSSUHES 'REQUIRED COORDS.*' ARE SET PRIOR
/TO0 ENTRY.

TRSX=785181
TRSY=7B5141

TRSZ2=785121
TRSR=7BS161
/
.GLOBL TRAV.,TRWAIT JINTERNAL
.GLOBL .AG., .AK, . A%, .DA JEXTERNAL
TRAY XX
JHS*x DA
JHP +2
A1 4ABABB+REQXP
IHIT CAL /SET UP SKIP
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HSU

TVl
RAPTR

’

REQXP
%REQ
RBCD
10888
AFLG
YFLG
2FLG

- 64 -

16 /CHAIN FOR AN

TRSX /INTERRUPT FROM THE
TRINT Z'X COMPLETE’ FLAG
CAaL /4.

16 7 LR

TRSY /'Y COMPLETE’ FLAG
TRINT 7 AR
CAL ST

ie 2

TRSZ2 /’2 COMPLETE’ FLAG
TRINT d. ..

CAL /NOTE: THE TRAVERSE
16 /SKIP ON ROLL

TRSR /HUST BE

TRINT JINITIARLIZED ! V!

LAC (JNP NSU /DON’T DO THE

DAC INIT /SET-UP AGAIN.

DZM XFLG /CLEAR THE THREE

DZM YFLG /'"COORDINATE MOVING’
DZM 2ZFLG /INDICATORS.

LAC TRAY /SET UP THE

DAC PCSVES

785164 /ENABLE TRAYERSE FLAGS.
La¥ -1 /SET THE ’'TRAVERSE
DAC TRIP /IN PROGRESS’ INDICATOR.
LAY -3 /SET UP TO ACQUIRE
DAC TRKNTS /3 COORDINATE VALUES.
PXA /SAVE THE CONTENTS
DAC XRSVYES /0F INDEX REGISTER,
CLX ZAND CLEAR IT.

LAC RE@XP

DAC RGPTR

JHSx _AG JGET A COORDINATE

XX /YALUE ¥X.,Y, OR 2.

ISZ ROQPTR

IS2 RQPTR

JHS* _AK /MULTIPLY VALUE BY
.DSA C1888 /1888 (DECIMAL).

JHS= _AX JFIX IT, AND

DAC XREQ. X /SAYE BINARY VALUE.
JHS BINBCD /CONVERT T0 B.C.D.
DAC RBCD. X /ZEQUIVALENT, AND SAVE.
AXR 1 /BUNP INDEX REGISTER.
ISZ TRKNT ALL 3 COORDS YET?
JHP TV1 /NO .

JHP TRI1 /YES.
a

.BLOCK 3

BLOCK 3

12; 372088

g /’COORDINATE MOVING’ INDICATORS:
a /NON-ZERO IF THE CORRESPONDING
a /ZAXIS IS CURRENTLY IN MOTION.

JINTERRUPT HANDLER.

’
4

TRINT

DAC ACSY2%
LAC* (8
DAC PCSY2¢

/SAVE ACCR CONMTENTS.
/SAYE INTERRUPT
/RETURN ADDRESS.

e e e




DZM RLFLGS
TRSX

ISZ RLFLG

TRSY

ISZ RLFLG

TRSZ

I1S2 RLFLG

LAC RLFLG

ARC -3

S2A

JNP TRPROC
?B5184

LAC ACSY2

[ON

JHP* PCSV2

’
¢

TRPROC LAC PCSV¥2
DAC PCSVYE®
LAC ACS¥Y2
DAC ACSVES
P XA
DAC XRSVE

TR1 LAW -3
DAC TRKNT
CLX

TR2 XCT RDTR.,X
JMS TRBCD
TCA
TAD XREQ.,X
DAC DEL.X
AXR 1
ISZ TRKNT
JMP TR2
TRSX
SKF
DZM XFLG
TRSY
SKP
D2M YFLG
TRS2Z
SKP
DZM ZFLG
rasi1a4
LA -3
DAC KNTT#
CLX

Tal LAC DEL.X
S2A
JMP TA2
AXR 1
ISZ KNTT
JMP TAl
JMP TRCOM

TA2 LAY -3
DAC KNTT
CLX

TR3 JNS TR
AXR 1
ISZ KNTT
JMP TA3

T P C R ST v o ———————
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/TEST WHETHER ANY
/O0F THE X.Y, OR 2
/TRAVERSE COMPLETE
/FLAGS ARE UP

’
¢ .

’
e o«

e

/'RLFLG’ MWILL BE

/3 IF NONE ARE UP

G,

/NOT 3. LEGITIMATE INTERRUPT.
/NONE ARE UP.

/MUST HAVE BEEN

/FROM ROLL AXIS.

/THEREFORE IGNORE IT.

/SET THE RETURN
/POINTER.

/SET UP TO RESTORE
/THE ACCUMULATOR.
/SAVE INDEX REGISTER
/CONTENTS.

/SET UP TO READ

/3 COORDINATE VALUES.
/CLEAR INDEX REGISTER.
/READ BCD COORD VALUE.
/CONYERT IT TO BINARY.
/SUBTRACT 'ACTUAL’
/FROM 'REQUIRED’.
/SAYE THE DIFFERENCE.
/D0 THIS FOR ALL

/3 COORDS X,Y.& 2

&

/CLEAR THE
/'COORDINATE MOVING’
/INDICATORS OF

/THOSE COORDS FOR
/WHICH ’'TRAVERSE
/COMPLETE’ FLAGS

/HAVE BEEN

JPOSTED

o
4

/CLEAR TRAVERSE FLAGS.

/TEST THE THREE
/'ACTURL' COUORDINRTES
/%,Y, AND Z FOR
ZEQUALITY WITH

/THEIR ’REQUIRED’
/¥ALUES .

/TRAYERSE IS COMPLETE.
/SET UP TO EXAMINE

/3 COORDINATES.

/CLEAR INDEX REGISTER.
/RELOAD TRAVERSE REGISTER
/CIF NECESSARY)., AND
/BEGIN TRAVERSING IF
/APPROPRIATE.

IRPE IR,
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TRRTN LAC XRSYE /RESTORE THE
PAX /INDEX REGISTER,
LAC ACSYE /THE ACCUMULATOR,
ION /TURN ON INTERRUPT,
JMPx PCSVYE /AND RETURN.
TRCOM 0ZM TRIP /CLEARR THE ’'TRAVERSE
785144 /DISABLE TRAVERSE FLAGS.
JHS TINE /SET 'TIM1’ TO THE TINHE
AAC 6 /AT MHICH TRAYERSE COMPLETE,
TCa /PLUS 6 SECONDS. THIS ALLOVS
DAC TIML# /THE SYSTEM TO SETTLE.
JMP TRRTN /RETURN.

’

SJROUTINE TO TEST WHETHER THE TRAVERSE RIG
S INTERFACE REGISTER CAN BE FILLED WITH
/THE 'REQUIRED' YALUE OF A COORDINATE
/AND/OR THE CORRESPONDING COORDINATE
SCAN BE SET TRAYERSING.
/THE ROUTIHE EXECUTES VWHICHEYER OF THESE
JOPERATIONS IT FINDS TO BE LEGAL.
TR XX
LAC DEL.X /RETURN IF THE
SNR J'ACTUAL’ VALUE EQUALS

JHPx TR /THE 'REQUIRED’ VALUE.
02M DREGR
0ZM TROK
LAC (LAC XFLG /SET THE SVWITCHES
DAC TS5THL /IN SUBROUTINE ’TEST’
LAC (LAC XREQ /S50 THAT THEY
DAC TST2 JUWILL EXAMINE THE
LAC (TAD DEL /'X’ COORDINATE
DAC TST3 Lt
LAY -3 /SET UP TO EXAMINE
DAC TRKNT /3 COORDINATES.

TRB1 JHS TEST
Is§2 TSTH /BUMP THE SUITCHES
Is2 TST2 JIN 'TEST' T0O
IsZ2 TST3 /THE NEXT COORD.
I1S2 TRKNT /3 COORDS YET?
JHP TRBI! /N0 .
LAC DREGR /0. K. TO RELOAD
S$2aA /TRAVERSE REGISTER.
JHP TRB2 /HO .
LAC RBCD.X /RELOAD REGISTER IF
JHS LDREG /'DREGR’ IS ZERO.

TRB2 LAC TROK /0. K. TO TRAVERSE
S$2a /THIS COORDINATE?
JHP* TR /NO .
IS2 XFLG.,X /YES. SET INDICATOR
XCT ITR, X /AND INITIATE TRAVERSE.
JHP=x TR /RETURN .

JROUTINE TO CARRY OUT THREE TESTS AND

/SET LOCATIONS ‘DREGR’ AND 'TROK'

/ACCORDINGLY .

/UPON RETURN FROM ’'TEST',

! (R) THE TRAVERSE INTERFACE REGISTER CAN BE
< RELORDED IF, & ONLY IF., DREGR=8.




Bl

TEST XX

= 67 =

(B> THE COORDINATE XREQ.X CAN BE SET
TRAVERSING IF, & ONLY IF., TROK=8.

TSTH LAC XFLG /RETURN IF THE
SNa /COORDINATE IS
JMP* TEST /NHOT MOVING.
T8T2 LAC XREQ /RETURN IF ’‘REQUIRED’
TCaA /YALUES OF THE
TAD XREQ.X /HOVING COORD
DAC TSTSVY# /AND THAT OF XREQ,X
SNA /ARE EQUAL
JNP* TEST 2. ..
TST3 TARD DEL /RETURN IF XREQ.X
XOR TSTSY /IS BETWEEN THE
SPA /HOVING COORD AND
JHP* TEST JITS *REQUIRED’ VYALUE.
IS2 DREGR /DON'T LOAD REGISTER.
LAC XREQ.X /1S THE CURRENT
TCaA /VYALUE OF THE
TAD BREGR /TRAVERSE REGISTER
DAC TSTSV /BETWEEN THE ‘'REQUIRED’
Tald DEL.X /COORD XREQ.,X
XOR TSTSV ZAND ITS ‘ACTUAL’
SHA /YALUE?
IS2 TROK /NO. DON'T TRAVERSE.
JMPx TEST /YES. RETURN.
DREGR XX
TROK XX
TRIP a /’TRAVERSE IN PROGRESS’ INDICATOR.
TRUKD a
L TR 785182 /INITIATE TRAVERSE, X AXIS.
7BS142 /INITIATE TRAVERSE, Y AXIS.
7ES5122 /INITIATE TRAVERSE, 2 AXIS.
RDTR 785812 /READ POSITION, X ARIS.
785852 /READ POSITION, Y AXIS.
785832 /READ POSITION, 2 AXIS.
DEL a; a; a
DELAY XX
DAC DLYKNTS
[SZ DLYKNT
JHP . -1
JMPx DELAY
LDREG XX
DAC REGR# /SAVE THE BCD.
JNS TRBCD /CONVERT TO BINARY,
DAC BREGR® /AND SAVE IT.
LAW -68B65 /18 MILLISECOND
JNS DELAY /SETTLING DELAY.
LAC REGR /LOARD BCD INTO
785884 /TRAVERSE INTERFACE REGISTER.
LAW -5 /UAIT FOR REGISTER
JHS DELAY /T0 SETTLE (28 MICROSECS),
JMP* LDREG /AND RETURN.

’

}ROUTINE TO CONVERT TO BINARY

/FRON TRAVERSE RIG BCD:

WSRL-~0005-TR

.
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< X X XXKX XXXX XXXX XXXX
g S 1 8421 8421 8421 8421

TRBCD XX

DAC BCD#

DZH BINS

RTL

DAC TENPS

szt

1SZ BIN

Lav -4

DAC KNTS
BC1 LAC BIN

CLL

HUL

12

LACQ

DAC BIN

LAC TEHWP

RTL

RTL

DAC TEMP

RAL

AND (17

TAD BIN

DAC BIN

ISZ KNT

JNP BC1

LAC BCD

RAL .

LAC BIN

SPL

TCa

JMP=x TRBCD
/ROUTINE TO CONVYERT BINARY
/TO 8421 BCD.
/CALLING SEQUENCE:
JUITH THE BINARY IN THE AC,

/JHS*= BINBCD

/NORMAL RETURN
/BCD IS RETURNED IN THE AC.

BINBCD XX
DAC BBINS
D2ZH BCD#
D2M SIGHE
SHa
JNP BB
TCA
DAC BBIN
LAC (480888
DAC SIGN

8B1 LAW -5
DAC BKNT®
LAC BBIN
LHQ

8B2 SPL!CLL!CLA
LAC (B48088
DAC LINKS
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CLA

DIV

12

XOR BCD
RTR

RTR

XO0R LINK
DAC BCD
IS2 BKNT
JHP BB2
RAL

X0R SIGH
JHP= BINBCD

(l

/ROUTINE TO READ THE MACRO TIME FROM THE REAL TIME
SCLOCK., AND CONVERT TO SECONDS AFTER MIDNIGHT.

’

JCALLING SEQUENCE:

’ JNS TINE

& NORMAL RETURN i‘
/TIME IS RETURNED IN THE AC. j

TIME %X ;
782512 {
CMA
JHS TAUX
JHS HULeB i
DAC TRTIME ‘
782552 v
CMa
DAC MINSEC
RCL
SWHA
AND (377 |
JMS TAUR !
TAD TRTIME |
JMS MULeB
DAC TRTIME
LAC MINSEC
AND (377
JNS TAUX
TAD TRTIME
JNP= TIME

’

TRTIME @
MINSEC @

’
v

)
4

TAUX XX
DAC TEMPX
ETR
RTR
AND (17
CLL
MUL
12
LACQ
DAC TEMPX+1
LAC TEHWPX
AND (17
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TAD TEMPX+1
JHP* TAUX

TENPX a; a8

nuLed XX

cLL

HUL

4

LAC@

JNP= MULeB
/ROUTINE TO WAIT AT LEAST 6 SECONDS FROM THE TINME
/0F COMPLETION OF THE PREVIOUS TRAVERSE.
7 THE CURRENT TIME IS READ FROM THE REAL TINE CLOCK
¢ AND IS COMPARED WITH THE CONTENTS OF LOCATION
S'TIML’, WHICH WAS SET AT ’'TRAVERSE COMPLETE’.
/THE PROGRAM IS TRAPPED UNTIL BOTH THE ’‘TRAVERSE IN PROGRESS’
JINDICATOR C(TRIP) IS CLEAR AND THE CURRENT TIME IS GREATER
/THRN THE CONTENTS OF TIN{.
JCALLING SEQUENCE:
Vs JMS* TRWAIT
i NORMAL RETURN
TRYAIT XX
TWi LAC TRIP

SZR

JHF T

LAC TINM1

SNA

JMPx TRUAIT
TH2 JNS TINME

TRD TINMt

SPA

JHF TH2

DZM TINMt

JHP* TRUAIT

.END

JADRD DATE: 21-4-¢e

ZROUTINE TO READ THE
; MANIFOLD PRESSURE
- PITOT PRESSURE
DIFFERENTIAL PRESSURES DP13 & DP24

fFROH THE RAYTHEON MULTIVERTER,
“HAND THE S1 TOTAL PRESSURE FROM THE DIGITIZER.

}CRLLING SEQUENCE: CaLtL ﬁDRb (PMAN,PPIT,DP13.,DP24.,TPRESS)

JCALLED BY FLOW

’
»
’
’
’
’
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bT=1
AbD=6

.IODEY DT.AD

.GLOBL ADRD
.GLOBL .DA, .AG, .ARH, .ARI., .AK, . AL, .AN, . AW
.GLOBL CPBIN

ADRD XX

JHNS=* DA

JHP _+6
PH
PP
P13
P24
TP

ONCE CINIT AD.B,ADRD |
CINIT DT.8,ADRD :
_SEEK DT,COMPBL
_READ DT.B.,ANPVEX. 258 !
_MALIT DT ;
CLOSE DT é
LAC VEX1P3 i
TAD (TAD ADBUF 5
DAC ADDVEX s
LAC C(JMP Al
DAC ONCE

At .READ ARD.B,ADBUF.16
.WALIT AD
LAC ADBUF+22
TCA

ADDYEX XX
JNS* AW
JMS* AN
CS
JHSx  AH
VEXS
PXA
DAC XRSVES
PLA
('ALC LSVYE#
cLi
LAC (4
PAL
LAC (AMPGNS
DAC GRINP
LAC (PCAL
DAC PCONS

H2 LAC PN, X
DAC PPTR
LAC AMPBL.,X
TAD (TAD ADBUF
DAC ADDCH

i LAC AMPZER, X
TChA

ADDCH XX
JNS=* AW

.4
i
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JHSs AL
GRINP XX
182 GRINP
ISZ GAINP
JHS* _AK
VEXS
JHS* _AH
TERP
JHS POLY
PCONS XX
TEMP
PPTR XX
LAC PCONS
ARC €
DAC PCONS
AXS 1
JNP A2

/READ TOTAL PRESSURE

783412 /READ S1TP.
JHS* CPBIN
JHS= AW
LAC TP
DAC TPTR
JHS*  QH
TPTR XX
LAC (5
PAL
2ARG DZM PH.X
AXS
JHP ZARG
LAC XRSVE
PAX
LAC LSVE
PAL
JHP = ADRD
/

/DATA AREA:

ADBUF  .BLOCK 23
V4

TENP a: a

YEXS a; a

€S 3; 248888 /5.
COMPBL .SIXBT ’‘COMPBLDAQ’
/

/DATA INFORMATION BLOCK:

’
¢

AHMPYEX 174888: @
DATSCE .BLOCK 2@
AMPBL .BLOCK 12
HAMP
VEX1IP3
CHKNT
GP2PR
ANB .BLOCK 28
YEXBL .BLOCK 28
SYSREQ .BLOCK S
MACREG @8
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AMPGNS . BLOCK 24
AMPZER .BLOCK 12
PCAL .BLOCK 74
THERMS .BLOCK 6
THERMC . BLOCK 6
BRLK .BLOCK 118
CPRES .BLOCK 4

4

JCALLING SEQUENCE:

g JHS POLY

PTR TO CAL CONSTS.

PTR TO VYOLTAGE

PTR TO PRESSURE RETURN.
NORMAL RETURN.

LT L

oLY XX
LAC* POLY
ISZ POLY
DAC PL2
AAC 2
DAC PL3
AARC 2
DAC PLS
LAC* POLY
152 POLY
DAC PL1
DAC PL4

‘ LAC* POLY i

% I1§Z POLY ‘

DAC PLe {
JMS* _AG E
PL1 XX /Y
JHS* AK
PL2 XX /axy
JMS* Al
PL3 XX /A*VY+B
JHS* QK
PL4 XX ZCAxVY+B )y
JHS* Al
PLS XX /A .V2+8.Vv+C
JHSx _AH
PL6 XX
JHP= POLY

.END ADRD

PROBE DATE: 31-18-77

USES DIRECT ACCESS I/0.

SUBROUTINE PROBE (DOUNP,SIDEP,RMACH, Q)

c

c CALLS READIN.

c CALLED BY FLOW.
c

DIMENSION DOWNS(2),SIDESC(2), ANGLE(2)
COMMON T(328),1IT¢(S)

B —————




WSRL-0005-TR - 74 -

EQUIVALENCE (T(134),DTR).(TC(135),RTD)
EQUIVALENCE (T(277),DP13),(T(278),DP24)
EQUIVALENCE (T(279),.PHAN).,(T(28@),PPIT)>,(T(281), TPRESS)

c
EQUIVALENCE (ANGLEC1)>,DOWN), CANGLE(2),SIDE)
C
DATA ERROR/B.15/.,PITCHN/B./
c
TANCA)I=SINCA)/COSCA)
c
Cess2xFIND PRESSURE RATIOD
PRATIO=PPIT/PHAN
IF (PRATID.GT.1.)> GO TO 43
WRITE(4.42) PPIT.PMAN
42 FORMAT(/1X’(PROBE) PITOT=',612.5,’ < MANIFOLD=' G12.5)

STOP S
CxassxSET PITCH=LAST PITCH FOUND (I.E.,AT LAST MEASUREMENT
CeessxSTATION, WHICH VALUE WILL BE CLOSE TO THIS ONE)
43 PITCH=PITCHN
CxexsxssG0 THRU MAX OF S5 TIMES

NTHRU=8

NTRAX1=9
CeessxFIND MACH NUMBER AT THIS RATIO,PITCH
18 IF (NTHRU.LE.4) GO TO 44

URITE(4,45) PITCH,.DIFF,PRATIO,RMHACH, DOWN.SIDE
45 FORMATC(/1X’°(PROBE)Y S ITERATIONS EXCEEDED’/

1 LX'PITCH.DIFF,PRATIO, RNACH,DOWN,SIDE’/
2 1X6612.5)
STOP 11

44 IR=6S*IFIXC(PITCH)+IFIX(2B.%(PRATIO-1.))+1
CALL READINC14,RMACH.,1,2,PRATIO,PITCH,6S5,IR)
ANI=RHACH=«1H.
Mi=AN1-3.
IF (M1 . GE.1 AND. W1 LE.11) GO TO S3
WRITE(4,52) RMACH

52 FORMATC(/1X'(PROBE) MACH NO. = ’,G12.5,’ OUTSIDE RANGE')
STOP 12

CessssFIND TOTAL PRESSURE AT THIS MACH,PITCH

53 IR=11«IFIXCPITCH)+N1

CALL READINC3,RATIO.1,2,.RMHACH,.PITCH, 11, IR)
PTOT=PPIT/RATIO
CeesessFIND STATIC PRESSURE
PSTAT=PTOT/((1.+8.2*RNACH**2)22¢3 35)
CressxFIND DYNAMIC PRESSURE-
Q=08 .51 4*PSTAT*RMHACH»=2
CessssFIND COEFFICIENTS
0C13=0P13/Q
DC24=DP24/0
CeesexF IND MACH NUMBER INTEGERS ON EACH SIDE OF ACTUAL MACH NO
CeessxFOR EACH MACH,.FIND DOUN-AND SIDE-WASH ANGLES (DEGREES)
IR=(C(MI-1)%41+[FIX(18.%(DC24+42.)))*41+IFIX(1HB.*(DC13+2.))+1
IFCIR.LE. 18+1681) GO TO 47
WRITEC(4,46) IR, RMACH,DC13,DC24

46 FORMAT(/1X’(PROBE) RECORD NO. =’,16,’ EXCEEDS 11=1681°'/
1 IX’RMACH,DC13,DC24: ’,3G15.6)
STOP 1

47 0028 H=1,2

CALL READINC12.,ANGLE.,2,2,0C13,DC24.41.1IR)
DOUNS(M)>=DOUN
SIDES(M)=SIDE
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28 IR=IR+1681
CeesssL INEAR INTERPOLATION BETUEEN MACH NUMBERS
FHACH=M1

FHACH=AM 1 -FHACH-3.
OOUNP=DOUNS(1)>+(DOUNS(2)-DOUNS(1)>)sFNACH
SIDEP=SIDES(1)+(SIDES(2)-SIDES(1))sFHACH
CeesssCONVERT PROBE ANGLES TO RADIANS
DOUNP=DOUNPsDTR
SIDEP=SIDEP=*DTR
Ceesss*CALCULATE NEW PITCH IN DEGREES
PITCHN=ATAN (SQRT (TAN (DOUNP)**2+TAN (SIDEP)*s2))sRTD
CxssssQABSOLUTE DIFFERENCE BETMEEN MNEVU AND OLD PITCH
DIFF=ABS (PITCHN-PITCH)
Ces2sxSET OLD PITCH EQUAL NEV PITCH-
PITCH=PITCHN
Cessex INCREASE NO OF TIMES GONE THRU
NTHRU=NTHRU+1
CessssCOMPARE VITH ERROR SET ABOVE
IF (DIFF.GT.ERROR) GO 70 18
Cssss*RETURN UITH PROBE ANGLES IN RADIANS

RETURN

END
C READIN DATE: 13-7-76
c
c

SUBROUTINE READIN (NDAT,F,NF.,IND,X,Y,IXDIN,IR)
c
c CALLED BY CREF.,PROBE.
c

CeexexTHIS SUBROUTINE READS TABULATED FUNCTIONS FRONM DISK
CeeresFRON .DRT+2,AND PERFORMS A 2-D LINERR INTERPOLATION TO FIND THE
CeesosVALUES OF THE FUNCTIONS AT THE POINT (X,Y).
CeesssCALL IT VITH THE FOLLOWING PARAMETERS. ..
CeexsxF(1) ... FCNF)= UP TO 18 INTERPOLATED FUNCTION VALUES C(RETURNED).
CeesssNF=NUNBER OF FUNCTIONS TO BE INTERPOLATED.
CeesesIND=NO OF INDEPENDENT VARIABLES IN RECORD C(REAL + INTEGER)
CeesssX, Y=POINT AT VUHICH WANT INTERPOLATED VALUE OF FUNCTION.
Cesss«DATA STRUCTURE ON DISK ASSUMED TO BE OF THE FORM...
Cessesx1ST RECORD - NX,NY (DIMENSIONS OF X.Y TABLES)
Cresess2ND RECORD - (XTC(I), I=1,NX) (YTCI), I=1,NY) TABULATED VALUES.
CessexNEXT NXeNY RECORDS - EACH OF THE FORNM
CresselX 1Y (I1Z)> XTCIX) YTCIY) CZTCIZ)) FCL) ... FCNF)
CeesesWITH IX VARYING NOST RAPIDLY,THEN IY CTHEN I2,1F PRESENT).
Cseses [NTERPOLATES BY USIKG 2X2 POINTS ABOUT ACTUAL ONE.
Csesee] E.,THE 4 TABULATED POINTS CLOSEST TO ACTUAL POINT (X,Y).
c
CessssX,Y TABLES (MAXIMUM OF 65 VALUES AT PRESENT)
DINENSION XT7C(2,2)
CesessUP TO 18 FUNCTIONK VALUES CAN BE READ 1IN
CsesssUP TO 3 INTEGER AND REAL NUNBERS IX,IY,IZ,XTCIX),YTCIY),2T7C12)
DIMENSION ITC(3),RT(3I)
Cesese2X2=4 POINTS FOR ERCH OF UP TO 18 FUNCTIONS UANTED FOR INTERP
DIMENSION FWC1R.2,2)
CessesTHE INTERPOLATED VALUES CUP TO 1B) ARE RETURNED THRU F
DIMENSION F(1)
CONNON T(32B).,11T(S)
EQUIVALENCE (T(135),RTD)
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3OO0

381

188
c
C 388

poi1dd I=1,2

poiBgaE J=1.,2

IRN=IR+IXDIN*(J-1)+C1-1)
READC(NDATIRNIXCITC(L)),L=1,IND),(RTCL).L=1,1IND),

1 (FWUCL,I.d9),L=1,NF)

IFCNDAT.EQ. 13)WRITE(C9,381) (FWC(L,I,J),L=1,NF),NDART, IRN,
FORMATCLIX'FY (RZIND'/Z1XK8G15.6/1X2G15.6,' NDAT,IRN,IT *,1816)
JK=2-TABSC(I-J)

XTCI,d)=RTCIK)

[FCNDAT.EQ.13)>WRITE(9,388) ((XT(CI,J),d=1,2),1=1,2)
FORMATC(IX'XT (READIN)Y’',4G15.6)

Ces*xsCARRY OUT 2-D INTERPOLATION E
CessssFOR EACH FUNCTION

DX=CX-XT(1,2))/7(XT(2,1>-¥T(1.,2))
DY=CY=-XTC(1,1))2(XT(2,2)-%T(1.,1))
DO0128 N=1.NF

Csss232-D INTERPOLATION, AND RETURN RESULT THRU F
CxssxsFOR THE POINT FU(N,1.4)

128

F1i=FW(K,1.,1)
F12=FW(N.,1,2)
F21=FW(N,2,1)
F22=FW(N,2,2)
FCR)I=F11#(1 . -DX-DY)+F21*DX+F12%DY+(F11+F22-F12-F21)*DX*DY
RETURN
END




————
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APPENDIX VI

LISTINGS OF CORECT AND CREF

€ CORECY DATE: 26-7-76
[
SUBROUTINE CORECT (ALPHA., M)
c
c CALLS PARAB.
c CALLED BY MAIN.
c

Cx THIS ROUTINE CONSTRUCTS THE STREAMLINE ABOUT THE REFERENCE POINT AND
Cx THUS CALCULATES THE CHORD ANGLE ALPHA AND CORRECTION ANGLE GCAMMA

Cx THIS CONSTRUCTION IN THE 2-X PLANE IS BASED ON THIS ANALYSIS- BRQDIQN
Cs SLOPE OF STREAMLINE AT POINT X = D2/DX = (D2/DT)/(DX/DT)

Cs = W(X)/UCR) (IN TERMS OF STREAM VELOCITY COMPONENTS).

C» HENCE THE STREAMLINE IS DEFINED BY 2(X)=INTEGRAL FROM ZERO TO X
C» OF W(X)/UCX).

€

DIMENSION UC12),8C(1),%X(12),XV¥(3),F(3),ABC(3)
COMMON T(328),IT(S5)

EQUIYALENCE (IT(2), NREF)

EQUIYALENCE (T(217), U), (T(233), X>
EQUIVALENCE (ABCC(1),A),(ABC(2),B),(ABC(3),C)
EQUIVALENCE (XVC(1),XA), (X¥(2),%B),(XV(3),XC)

*FIND THREE POINTS ABOUT THE REFERENCE POINT=
IXA=NREF-1
IF (NREF.EQ.1) IXAa=1l

IX=1XA
*DEFINE POINTS XA,XB,XC ABOUT MEASUREMENT STATION XBs

e Ny

INTEGRAND F=U/U

OO0

0Ot L=1.,3
XYCLIY=XCIX)-XCIXR)
FCLI=MC(IX)ZUCIX)

1 IX=[X+1

c *FIT PARABOLAR F=R+B#X+CesX**2 TO THE INTEGRAND=*
CALL PARAB (ABC.,XV,F)

c *INTEGRATE IT FROM ZERO TO EACH POINT XA.,XB,XC TO OBTAIN

c *STREAMLINE POINTS ZR,2ZB,2ZC, THUS - Z=A*X+BeX*%2/2+C*X**3/3 ¢«
ZBXB=(C/3 .%xXB+B/2. )*XB+R
ZCXC=(C/3.=XC+B/2. )*XC+A

c *STRAIGHT-LINE CHORD DEFINED BY 2=(2C/XC)*X.=*

c *DIFFERENCE BETWEEN CHORD AND STREAMLINE AT REFERENCE POINT=
DIFF=(28XB-2CXC)=*XB

Ces2s*QLPHA IS CHORD ANGLE, TUOGAM IS CORRECTION ANGLE.
ALPHA=ATANC2CXC)
TUOGRM=2 . «DIFF/XC

CALCULATE EFFECTIVE INCIDENCE

(2 B o I o]

ALPHA=ALPHA+TUOGAN
RETURN
END

T — | , N——




—
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C CREF DATE: 1-7-77
c
c
SUBROUTINE CREF
c
c CALLS TRANS,.READIN.
c CALLED BY MAIN. [SYSTEM

C» COMPUTES FORCE AND MOMENT COEFFICIENTS DUE TO WIND,IN TOTAL AXIS
Ce BY INTERPOLATION INTO DATAR TABLES -
C» PITCHT (B 2 4...3@8) ROLLT (-45 -37.5...495) ]
CrexsxRMACHT (.4, .5.,.6,.7,.8,.85.,.9,.95)
CeexssTHE COEFFICIENTS ARE ON DISK
CeexxsEACH RECORD VITHIN A FILE CONTAINING
Ceexes] , J,K,PITCH,ROLL.MACH.CX,CY,C2,CL.CH,.CN,.CLP,CHQ,CNP,CYP.
c
DIMENSION C(18),CINT(2,.18),PTVEC(3)
Ceexsx (CINT(M.,I) CONTAINS COEFF I AT TWO MACH NOS M)
DIMENSION UMSC12),YNSC12),WMS(12),RNS(12)
DIMENSION RMACHT(8)
COMMON T(328),1T(S)
EQUIVALENCE (T(94), THETOT)>,(T(95),PHITOT)
EQUIYALENCE (T(98),DHAX)
EQUIVALENCE (TC(129),P),(TC(138),Q),(T(131),R)
EQUIVALENCE (T(134).DTR),(TC(135),RTD)
EQUIVALENCE (T(165),.PI)
EQUIVALENCE (T(2BS),RMS)
EQUIVALENCE (T(217),UMS),(T(229),VYMS), (T(241),UNS) ,
EQUIYALENCE (T(265),CX),(T(266>,CY),(T(267),C2) ‘-
EQUIVALENCE (T(268),CL)>,(T(269),CH),(T(278),CHN)>
EQUIVALENCE (ITC(2),NREF)
EQUIVALENCE <(CC(1),TCX),(CC2),TCY),(C(3)>,TC2)
EQUIYALENCE (C(4),TCL),(C(5)>,TCH),(CC6),TCN)
EQUIVALENCE (C(?),TCLP)>,(C(B8),TCH@.TCNR)>,(C(9),TCNP)
EQUIVALENCE (C(18),TCYP)
EQUIYALENCE (PTVEC(1),PT),(PTVEC(2),QT),(PTVEC(3),RT)
Cxx*23xMACH NUMBERS AT WHICH COEFFS ARE TABULATED :
DATA RMACHT/.4,.5,.6.,.7,.8,.85,.9, .95/ A

c
THOEG=THETOT#*RTD

c
[FCTHDEG.GE .@8. _.AND . THDEG.LE.38.) GO TO 3
WRITE(4,232) THDEG

232 FORMATC(/Z1X’THETOT =’ F12.2,’ OUTSIDE RANGE’)
STOP 3

3 PHIDEG=PHITOT=*RTD

Cexxs2GET ROLL (PHI) FROM (B TO 368> INTO RANGE OF TABLES (-435 TO +45)
C
IPHI=(PHIDEG+45.)/98.
PHIDEG=PHIDEG-98 .*FLOAT(IPHI)
CexxsxF IND MACH NUMBER INTEGERS ON EITHER SIDE OF ACTUAL ONE
RNSREF=RMSCNREF)
DO1 MACH=1,8
IFCRMSREF . GE.RMACHTC(MACH ). AND .RMSREF .LT .RMACHT(MACH+1))G0 TO 2

t CONTINUE
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WRITE(4,21) RASREF
1 FORMATC(/1X’ (CREF) MACH NO.= ’,G12.5,’ OUTSIDE RANGE’)
*EXPRESS EULER RATES IN TOTAL AXIS SYSTENs
CALL TRANS (PT,PHITOT,8.,8.,-1,P)
ssx#+FOR EACH MACH NUNBER (MACH AND MACH+1)
IR=(MACH-1)%2@8+IFIX((PHIDEG+45.)/7.5)%16+1FIXC(THDEG/2.)+1
DO6BA N=1,2
> WRITE(9,4291) IR,MACH,PHIDEG, THDEG
C 4291 FORNATC1X'IR,WACH, PHIDEG,THDEG’,16,16,2615.6)
Cas*#s INTERPOLATE TO GET 18 COEFFS AT THIS PITCH,ROLL,MNACH.
CALL READINC13.C,18,3,THDEG,PHIDEG, 16, IR)
CeesssSTORE 18 COEFFS AT THIS MACH NO.
00 18 1=1,18
1B CINTCN,I)=CCD)
. CessssD0 FOR BOTH WACH NUMBERS,EACH SIDE OF ACTUAL ONE
; 688 IR=1R+288
CasssxHOU INTERPOLATE BETWEEN MACH NUMBERS TO GET FINAL COEFFS
RMACHI=RNACHTC HACH )
RMACH2=RNACHTCMACH+1)
DO 588 I=1,18
SLOPE=(CINT(2, I1)-CINT(1,1))/(RNACH2-RHACH1)
588 CCI)=CINTCL,I)+(RMSREF-RMACH1 )*SLOPE
C  *ADD COMPONENT PARTS TO GIVE RESULTANT COEFFICIENTS®
VELREF=SQRTCUNSCNREF)*x2+VNS(NREF )ax2+ UNS(NREF )**2)
c TCX=TCX
TCY=TCY+TCYP*PT#DNAX/2. /VELREF
c TC2=TC2
\ TCL=TCL+TCLP*PT*DNAX/2. /VELREF
TCH=TCH+TCHQ®QT*DHAX/ 2. /VELREF
TCN=TCN+(TCNP*PT-TCNR#RT )¢DHAX/2. /VELREF
Cesss+ TRANSFORN TO BOMB AXES FROM TOTAL
CALL TRANS (CX,PHITOT.8..,8.,+1,TCX)
CALL TRANS (CL,PHITOT,B.,8.,+1,TCL)
RETURN
END

oo




WSRL-0005-TR - 80 -

APPENDIX VII

LISTING OF CINC

€ CINC DATE: 26-8-76
c
SUBROUTINE CINC
C
c CALLED BY HWAIN.
c
C= CALCULATES INCREMENTS IN COEFFICIENTS DUE TO FLOVW VARIATION ALONG BONB
Cxsss=|N BOMB AXES.
c
DIMENSION ASTOR(12)>,D0(12),0C(12),R(12),UC12),V(12),8(12),X(12)
DIMENSION FYLC(12),F2LC12),FHLC12),FNLC(12),FY2(12,2),0F(2.,2)
DINENSION DADX(12)>,DVYDX(12),DWUDX(12),0DX(12.3)
DIMENSION ABC(3)
COMMON T(328).IT(S)
EQUIVALENCE (T(31),VS), (T(92),ANAX)I,(T(98),DNAX).(T(184),QDP0)
EQUIYALENCE (T(96),RMACHB),(T(136),YELINF)
EQUIVALENCE (T(169),ASTOR),(T(181)5,D),(T(193).Q)
EQUIVALENCE (T(217),U),(T(229),V),(T(241).48)
EQUIYALENCE (T(253).X)
EQUIVALENCE (T(272),DCY)>,(TC(273),DC2),(TC2?75),DCMH),(TC276),DCN)
c
EQUIVALENCE (ITC1),NNS),C(ITC(2),NREF)>,(IT(3)>.N8),CIT(4),NF)
c
EQUIVALENCE (DADX.DDXC(1,1)),(DYDR,DBOX(1,2)),(DUDX,.DDX(1,3))
EQUIVALENCE C(ABCC(1),A), C(ABC(2),B),(ABC(3),C) 0
EQUIVALENCE (FY2(1,1),FYL,FNL),(FY2(1,2),F2L,FNL) |
c
DATA ETACDC/B .864/
C
SUNF(DX)=((C*DX/3.+B/2. )*DX+R)I*DX
SCSF(ANG)=SIN(2.®ANG)*COSC(ANG/2.) 2
c |
HFM2=NF-2 |
c
C FIND DA/DX., DV/DX AND DW¥/DX.
C METHOD:
c IF F = 4 + B(X-XA) + C(X-XA)e2,
c THEH DF/DX = B + 2C(X-XQ).
c
c IF THE DERIVATIVE IS REQUIRED AT POINT J, THEN THE
C ROUTINE FITS PARABOLAS SUCCESSIVELY THROUGH THE SETS OF POINTS
C (J‘ZIJ-,.IJ)I (J-lll‘li"l) ““b (J:JOI:J*z): TO 08‘“!“
C 3 ESTIMATES OF DF/DX BY THE FORMULA RBOVE.
c PROGRAM THEN AVERAGES THE THREE ESTIMATES. AT THE END
C POINTS, THE TREARTHMENT IS SLIGHTLY DIFFERENT.
c

D04 L=1,3

DOt I=1,NNS

DDXC(I.L)>=8.

NBH2=NHS-2

D02 I=1,NBM2

XA=X(1)

GO TO0 ¢9.18.11), L

CALL PARAB (ABC.XC(I),ASTORCI))

__,_.____.....———-———-—-“ ' - '




WSRL-0005-TR

GO 10 12
1a CALL PARAB (ABC.XCI1)>, V(I
GO TO 12
11 CALL PARAB (ABC.XCI)Y NCI))
12 ODXCI.,L)>=DDXCI.L)+B
[1=]+1
DDXC(I1.L)>=DDX(I1,L)>+B+2. oCs(X(I1)-XR)
[2=1+2
2 ODXCI12,L)>=DDX(I2,L)+B+2 . *Cx(X(I2)-XA)
IF (NNS.EQ.3)> GO TO 4
DDX(2,L>=DDX(2,L)/2.
DDX(NMS-1,L)=DDX(NMS-1,L)/2.
IF (HNS . EQ.4) GO TO 4
D03 I=3.NBH2
DDXCI,L)>=DDXCI.L)/3.
CONTINUE

COMPUTE VALUES AT REFERENCE POINT.

OO AW

UR=U(NREF) .
YR=V(NREF)
WR=W(NREF)
@R=Q(NREF)

VISCOUS FORCE/D(I)> = 1/2 RHO ETA CDC ¥ SQGRT(Ves2+yese2) 1
VHERE RHO = 2Q/7(Usx2+Vxx2+¥%s22). -

OO0 0

R1=QR*ETACDC*SQART(VR**2+UR**2)/(URS*2+VR**2+UR**2)
YYR=R1=¥R
VZR=R1=¥R

SLENDER BODY FORCE/(DA/DX)> = Q@ SINC(2 ANG) COSCANG/2)
VHERE ANG = ARCTANCW/U) FOR FY
AND = ARCTANCY/U) FOR FZ.

OO0

ALPHA=ATANCUR/ZUR)
BETA=ATAN(VR/UR)
QALPH=QR*SCSF(ALPHA)
@BET=QR*SCSF(BETA)

AT EACH MEASUREMENT STATION, CALCULATE THE
CURVED FLOW INCREMENTS.

OO0

D05 I=1,NNHS

eI=QCI)

Ul=ucCl)

VYI=v¥(I)

Ui=ucCl)

RHO=2. . *QI/(UI*%2+¢[se2:Y[*e2)

SLENDER BODY INCREMENTS.

o000

ALPHA=ARTAN(VIZUI)

BETAR=ATANCYIZUI)
DFYSB=C(QIsSCSF(BETA)-QBET)>*DADX(I)
DF2SB=(QI#SCSF(ALPHA)-QALPH)>*DADX(I)

BUOYANCY INCREMENTS.

e Ny Ny

BUOYARNCY FORCE = - VYELINF RHO A DV/DX FOR FY, AND
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- VELINF RHO A OV/DX FOR F2.
THUS, IN UNIFORM FLOW, BUOYANCY FORCE IS 2ERO.

OO0

R1=VELINF*RHO®*ASTORCI)
ODFYBa-R1sDVDX(I)
DFZB=-R1i*DUDX(I)

VISCOUS INCREMENTS.

o000

R1=8 .5*RHO*ETACDC*SQRT(VIss2+VUlss2)
DFYVY=(RIsVI-YYR)®D(I)
DFZV=(R1sVI-¥YZR)*D(I)
FYLCI)=DFYSB+DFYB+DFYYV
F2LCI)>=DFZSB+DF2B+DF2V
WRITE(9,123)FYL.F2ZL

123 FORMAT(/ZIX’FYL'/1X1BC13.5/1%2G13.57/
1 1X'F2L’/1X186G13.5/1%X2G613.5//7)

INTEGRATE V. R.T. X FROM X(NB) TO X(NF), TO GET TOTAL
FORCE AND MOMENT INCREMENTS.

(x Ny Ny NeNeNe NN

007 J=1,2 |
FF=0. |
K=NB '
6 CALL PARAB(ABC,X(K)>,FY2(K,J))> '
FF=FF+SUNF(XC(K+2)-X(K)) =
KaK+2 i
IFCK.LE.NFHM2) GO TO 6 |
IF (K.EQ.NF) GO T0O ?
CALL PARAB(ABC.X(NFM2),FYZ(NFN2.,4))
FF=FF+SUNF(X(NF)>-XC(K)) }
? DFCI,J)=FF
D08 L=1,NNS
FNLCL)=X(L)*FYLC(L)
8 FHLCL>==-X(L)*F2L(L)
QAN=QDPB=RMAX
QAND=QAN=DMAX
DCY=DFC(1,1)>/QAN
DCZ2=DF(1,2)/QAN
DCH=DF(2,2)/QAND
DCN=DF(2,1)/QaMD
RETURN
END
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APPENDIX VIII

LISTINGS OF INTM AND DAUX

C INTH DATE: 26-7-76
1 i c
B SUBROUTINE INTH
; c
| c CALLED BY MAIN.
c
c+ INTEGRATES 18 SIMULTANEOUS FIRST ORDER DIFFERENTIAL EQUATIONS.
C+  REQUIRES DIMENSION OF T TO BE 4*N+3 (=?5)
Cxsx
CesssxN=HO OF EQUATIONS TO BE INTEGRATED
c
COMMON T(32H),1T(5)
EQUIVALENCE (T(2), TIME),(T(3),DT)
c

C ENTRY POINT FOR INTEGRATING ONE TIME STEP.
C= CALLED BY MAIN.
c FOURTH ORDER RUNGE KUTTA METHOD
[
T(1)=TINE
DOf J=4,21
1 TCI+36)X=T(J)
D0 ¢ J=3.6
! . A=(8-J)/2
P B=J/2
12 DO 66 1=4,21
KN=1+36
KO=1+54
KP=1+18
IF (J.EQ.6) GO TO 2
TCKO)=TC(KOY+DTeT(KP )=B
TCII=TC(KN)+DT=T(KP /A
GO TO 66
2 TCIX=TCKN)+(DT«T(KP)+T(KO)>)/6.
T(K0)=8.
56 CONTINUE
TIME=T(1)+DT/A
CALL DAUX
© CONTINUE
RETURN
END
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C DAUX DATE: 72-7-77
c
SUBROUTINE DAUX
c
c CALLED BY INTH.
c
Cs ROUTINE SPECIFIES THE EQUATIONS OF MOTION IN FIRST ORDER FORM SO
Ce THEY CAN BE INTEGRATED ONE TIME STEP BY INTH.
Ce FORCE EQUATIONS IN AIRCRAFT AXES.
Cs MOMENT EQUATIONS IN BOMB AXES.
c
DIMENSION C(3,3),X(3),U¢3),H¢3),ABC(3.6), TINES(3)
DIMENSION DC(3,3)>,DX¢3)>,DUC3),DH(3)
DIMENSION FX(3),FL(3),A(3),P(3)
DIMENSION AROT(3,3),BROT(3,3),ACC(3)
COMMON T(328),IT(5)
EQUIVALENCE (T(2), TINE)
EQUIVALENCE (TC(4),CH,CTC13),X),CTC16),U),C(TC19), H)
! EQUIVALENCE (T(22),DC), (TC31),0X),(T(34),DU),(TC37),0H)
? EQUIVALENCE (T(?79),A),(T(82),STHASS)
EQUIVALENCE (TC(111),PAY,C(TC112),QA4),(TC(113),RA)
EQUIVALENCE (TC(114),FREE)
EQUIVALENCE (T(11?7),ACC)
EQUIVALENCE (T(128).FX),(TC(123),FL)
EQUIVALENCE (TC(129),P), (TC(138),@),(TC(131),R)
EQUIVALENCE (TC13?),AR0T),(T(146),BROT)
EQUIVALENCE (T(3HB),TIMES),(T(383),48BC)
c
DELT=TIME-TIMESC1) "
Ce RENORMALISE DIRECTION COSINES
pot I=1,3
SUM=8

CexsexUPDATE ANGULAR VELOCITIES FRON ANGULAR MOMENTUM AT SAME TINE ?
PCID)=HCT)/ACT)

D02 J4=1.3
2 SUM=SUM+C(I,J)*=2
SUM=SQRT(SUN)
00t J=1,3
1 CCI,d4)2=CCI,d4)/SUN
Ce UPDATE BOMB AND AIRCRAFT ROTATION MATRICES
c

IF (FREE.GT.8.) GO Y0 7
ARDOT(1,2)>=RA
AROT(1,3)>=-0A
ARDT(2.,1)>=-RA
AROT(2,3)>=PA
AROT(3,1)>=QA
AROT(3.,2)>=-PA

7 BROT(1,2)=R
BROT(1,3)=-0
BROT(2,1)=-R
BROT(2,3)>=P(1)
BROT(3.,1)>=0Q
BROT(3,2)=-P(1)

Ce EQUATION OF BOMB ORIENTATION W.R.T. RIRCRAFT.
Cs DC=BROT+*C-C*AROT
c

A
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EQUATION OF BONB C.G. MOTION REFERRED TO AIRCRAFT AXES.
XA=CA(XE~-XE*)
DXA=CA(DXE~DXE®)>+DCA(XE-XE*)

BUT DCAR=AROT.CA

THEREFORE '
DXA=CA(DXE~-DXE®>*AROT .CA(XE-XE®)

LET U=CA(DXE~DXEs)

THEN
DXA=U+AROT. XA
AND
DU=CACD2XE~-D2XE*)>+AROT .CA(DXE-DXE®*)

I.E.
DU=CA.D2XE-CA.D2XE*+AROT. U

WHERE
CA.D2XE=FORCES/MASS
CA.D2XE*=AIRCRAFT ACCELERATIONS
s(GFG.SINCATTACK), B, -GFG.COSC(ATTACK))

OO0

Cx DX=U+AROT=X

Ce FORCE EQUATIONS OF MOTION,REFERRED TO AIRCRAFT AXES.
C= DU=FX/STHASS-ACC+AROT =Y

Cs MOMENT EQUATIONS OF MOTION.REFERRED TO BOMB AXES.

Cx DH=FL+BROT*H

pOSt I=1,3
DOS1 J=1.,3
SUN=8B.
POS K=1.,3
SUM=SUN+BROTC I, ,K)*®C(K.,J)
IF (FREE.LT.8.) SUK=SUN-CC(I,K)>*AROT(K,J)
b CONTINUE
51 DCCI.,d)=SUN
D06 1=1.,3
DXCI)=UCI)
DUCIDI=((ABC(3, I)sDELT+ABC( 2, I))*DELT+ABC(1,1))/STHASS
[F (FREE.LT.@.) DUCI)=0UCI)-ACCCI)
I13=1+3
DHCID=(ABC(3, I3)*DELT+ABC( 2, I3))+DELT+ABC(1,1I3)
D06 J=1,3
IF (FREE.GT.8.) GO T0 6
DXCII)=DXC(I)+AROTC(I ., d)*X(J)
DUCTI»=DUCII+AROT(I . J)2U(J)
DHC I D)=DHCID+BROTC(I ., J)sH(J)
WRITE(9,44) DX,DU,DH
44 FORMAT(/Z1X’DX.DU,DH (DAUX> *,9G12.57/)
WRITE(9.46) STHASS,DELT. H
46 FORMAT(1X'STHASS,.DELT.H ',5612.57)
WRITE(9,47) ((ABCC(I,J),I=1,3),d=1,6)
47 FORMATC(IX’ABC ’,3615.6/(5X3C15.6))
RETURN
END
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Figures 1, 2 § 3
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Figure 1. Definition of real world coordinate systems
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Figure 2. Definition of wind tunnel coordinate systems
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Figure 3. The camber of a curved stream
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Figures 4 § 5
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Figure 4. Definition of Wind Vector (V) Relative to
Total (T) and Bomb (B) axes
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Figure 5. Definition of Wind Vector (V) Relative to Probe axes
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